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eF.XF.CUTIVF. SUMMARY

This document provides design information for the Demonstration Bulk Vitrification System
In-Container Vitrification System as well as an overview of the system. This information is
provided in accordance with the requirements of Permit No. WA 7890008967, "PERMIT FOR
DANGEROUS AND OR MIXED WASTE RESEARCH, DEVELOPMENT, AND
DEMONSTRATION."

Specific design information is provided in this report for the In-Container Vitrification System,
with details for installation and the Demonstration Bulk Vitrification System site to follow in a
separate installation package. Specific design information discussed in the report is presented in
the following areas:

•	 System description,

•	 System location,

•	 Calculations,

•	 System sketches,

O
.	 Design codes and standards,

Waste assessment,

•	 Controls,

•	 Secondary containment and leak detection,

•	 Corrosion assessment,

•	 Inspection schedule, and

Installation assessment.

Where information regarding treatment, management, and disposal of the radioactive source,
byproduct material and/or special nuclear components of mixed waste (as defined by the Atonic
Energy, Act of 1954, as amended) has been incorporated into this document, it is not incorporated
for the purpose of regulating the radiation hazards of such components under the authority of
Chapter 70.105 of the Revised Code of 11'ashington and its implementing regulations but is
provided for information purposes only.
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• 2.6 IN-CONTAINER VITRIFICATION SYSTEM

The ICV box is the container that will receive the dried waste mixture from the Waste Dryer
System via the Dried Waste Handling System (see Section 2.4). After material transfer into the
box, the dried waste mixture is vitrified (treated) in the ICV box. Gases produced during the
vitrification process are vented to the OGTS (see Section 2.5).

On completion of the melt process and after a prescribed cooling period (time to be developed
during testing with non-regulated material), shielding in the forth of top-off soil is added to the
ICV box. Sufficient top-off soil is added such that the interior of the box is at least 90 percent
full and dose rates at the top of the box are as low as reasonably achievable. The top-off soil is
delivered from the top-off soil impingement tanks located in the melt area enclosure and is
metered into the box via the top-off soil feed chutes. Top-off soil is also added through the
waste feed chutes using the Dried Waste Handling System (clean soil is passed through the waste
dryer to the Dried Waste Handling System).

After addition of the top-off soil, the ICV box ports are sealed and the AWTE is disconnected
from the ICV box; the filled box is transported from the melt area to the storage and sampling
area to continue cooling. Once sufficiently cooled, the box is sampled in the sampling area and
then moved to the temporary storage area in readiness for transportation to its permanent

•	 disposal location.

2.6.1 System Description

The ICV System is comprised of the ICV box and the air pallet caster system. The ICV box
[Resource Conservation and Recovery Act of 1976 container] is comprised of a reinforced steel
container lined with insulating materials, which contains the waste in its initial dry form as well
as its molten and final solid vitreous form. Further, the ICV box provides containment for the
top-off fill material added to the box post-melt and includes box lid gaskets, waste and soil fill
port seals, electrode seals, and a HEPA breather filter installed post melt.

The air pallet caster system is a portable frame levitated on an air film that engages the bottom of
the ICV box to lift and move the ICV box to various locations within the DBVS site (e.g., from
the box preparation area to the melt station, box cooling location, box sampling location, and
storage locations [see Appendix C6, Drawing F-145579-00-D-0007]). The ICV box is supported
by curbs at the processing stations and on the storage pad (see Drawings F-145579-00-B-0022
and 145579-00-B-0025 in Appendix C6)

Preparation and assembly of the ICV box for use is also covered in this section; however, dry
waste feed and top-off control systems are discussed in the Dried Waste Handling System
description (see Section 2.4).

is
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•
2.6.1.1 In-Container Vitrification Box (Specification 145579 -D-SP-023). The ICV box is
based on a standard 50-yd3 roll-off box with modifications and designed to be water tight;
withstand the hydraulic and thermal loads of the molten glass and the weight of the total contents
of insulation, sand, refractory, glass, and top-off materials. The ICV box is shown in Drawing
F-145579-35-D-0004 in Appendix C6.

The ICV box, complete with lid and port caps, will be delivered to the site on a flatbed truck and
offloaded into the ICV box preparation building. The sealing gaskets for the area between the lid
and box will not be installed on the ICV box for shipment to prevent premature crushing of the
gasket. See datasheet 145579-D-DS-050.1 for seal details (Appendix G6).

The ICV box lid is an integral lid and vent hood that is installed on the ICV box at assembly and
remains on the box through processing and ultimately goes to the disposal site. It will be
fastened to the top flange of the ICV box and is sealed to it with bolts, nuts, and a refractory
gasket. The ambient air inlet penetration on the ICV box is connected to a HEPA filtered inlet
stack via ducting that passes through the AWTE.

The ICV box HEPA breather filter is installed after top-off soil is introduced into the ICV box
and just before the AWTE disconnect. The ICV box HEPA breather filter will function to avoid
pressurization/de-pressurization during cooling and storage.

The ICV box lid will also have ports in wells for electrodes that will be hung in electrically
•	 insulating bushings that seal to the lid as well as to the electrodes (for electrode and accessories

detail see Data Sheet 145579-D-DS-029.1 in Appendix G6). There will be five ports for material
charge into the ICV box: three for top-off soil and two for waste feed. The material feed ports
will be capped, which seal to the ICV box lid. After moving an empty box into the melt area,
these caps will be removed to allow the material chutes to extend out of the box and into the
AWTE to connect with the material feed chutes.

Caps will be placed onto the open ports and electrode wells for storagetburial once all the chutes
and electrode extensions have been disconnected and are clear of the ports and wells.

2.6.1.2 In-Container Vitrification Box Assembly. Once the ICV box has been received at
the box assembly building, the box lid is removed and the box insulation, sand, refractory panels
(container liners), and starter path (including protective covering) are installed inside the ICV
box. The box instrumentation, instrumentation wiring harness and electrodes are assembled in
the ICV box, and the box lid is installed in the box assembly building before the assembled box
is moved to the melt area using an air pallet. The foundation for this building is shown on
Drawing 11-14-106797 (sec Appendix C6).

•
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•	 Insulation board is used in box assembly at both ends of the container to allow for some thermal
expansion along the length of the box. The ICV box will be lined in order from the steel wall (or
insulation at the ends) inward with:

1. Silica sand;

2. Insulation board (used only on box ends); and

3. Castable refractory panels.

The assembled ICV box and its contents are shown in Drawing F-145579-35-D-0004 in
Appendix C6. The silica sand acts as a melt barrier for any glass leaks if the refractory fails and
as a cushion for the refractory panels to allow for differential thermal movement between the
lining and the metal box.

The refractory panels are the primary containment of the melt, but also prevent fume from
escaping into the outer box area and provide shielding against the radioactive materials inside
the box.

Activities currently identified to be performed prior to moving the assembled ICV box to the
melt area include the following tests and inspections:

is0
	 Proper installation and sealing of refractory materials.

Installed thermocouples are tested for continuity.

•	 Starter path material, including protective cover, has been properly installed with
the electrodes into the box.

•	 A continuity test is performed to ensure contact between the electrodes and starter
material.

2.6.1.3 ICV Box Transporter (Data Sheet 145579 -D-DS-012.1). In-Container Vitrification
boxes are moved around using air pallets. The air pallet uses a variety of "casters" to literally
float heavy loads on a film of air. The air pallets use a similar technology to hovercrafts. By
using the air pallets, the operator is able to precisely place and align the load in a limited
workspace. The air pallet is designed to have a low profile to fit under the ICV box when
mounted on curbs. Basic pneumatic components, such as air regulators and hoses, are used;
therefore, the air pallets will operate in most environments. The air pallet is a self-contained unit
complete with an on-board, diesel-driven compressor power unit supplying air for lift and
drive/steerage system.

After leaving the box assembly building, the ICV boxes are moved to the melt area by air pallet.

•
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•	 2.6.1.4 Box Cooling, Sampling, and Storage Area. Once the filled ICV boxes are ready to
leave the melt area, the boxes are moved by air pallet to the box cooling area. Once cooled, the
box is moved to the sample station, if required, and then to the storage area. For general
arrangement drawings of these areas, see Drawing 145579-00-D-0007 in Appendix C6. For
foundation drawings and analysis, see Section 2.6.3. The boxes are core sampled in the
sampling area (see Section 2.6.1.5) and then moved to the storage area for final cooling and to
await removal from the DBVS site.

2.6.1.5 In-Container Vitrification Core Sampling. The ICV box has a sample port built into
the ICV box sidewall (see Drawing F-145579-35-D-0004 in Appendix C6). Design details for
the ICV box core sampling system and interface details are still in development. The core
sampling design currently in development involves the use of a commercial drill rig to create and
retrieve the core samples. Effluents generated as a result of the sampling operation will be
properly characterized and managed.

2.6.2 System Location

The various components of the ICV System span from the south end of the DBVS site to the
north end of the site. At the south end of the site, ICV boxes are received and assembled in the
ICV container preparation and assembly enclosure. Once the ICV boxes have been properly
prepared, the boxes are moved by air pallet to the melt area where the boxes receive dried waste,

•	 the waste is vitrified, and top-off soil added afler processing. When vitrification is complete and .
the box is ready to be moved, the box is moved by air pallet to the box storage and sampling
area.

2.6.3 Calculations

Calculations for the ICV System are described in the following paragraphs and provided in
Appendix A6.

The melt area access routes for movement of the ICV boxes by air pallet will have concrete
foundations. The melt area access slabs are identified as Foundations #16 and #17 on Drawing
11-14-106792 (see Appendix C6). Analysis of the melt area access slabs is contained in
Calculation 145579-C-CA-013 (see Appendix A6).

The box sampling and storage area will have a concrete foundation; this foundation is identified
as Foundation #18 on Drawing 11-14-106790 in Appendix C6. The building foundation detail is
shown on Drawing II-14-106797, with the associated calculation being 145579-C-CA-014 (see
Appendices C6 and A6, respectively). Analysis of the box sampling and storage area foundation
is contained in Calculation 145579-C-CA-013. Analysis of the support curbs is contained in
Calculation 145579-B-CA-004 (see Appendix A6).

•	 Analyses of the ICV box weight and center of gravity have been performed in Calculations
145579-D-CA-010 and 145579-D-CA-028, respectively (see Appendix A6). The box structural
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•	 analysis is provided in Calculation 145579-D-CA-011 (see Appendix A6). Heat transfer
calculations to determine the temperature of the outer skin of the box walls and bottom (145579-
D-CA-001) and lid (145579-D-CA-060) are provided in Appendix A6.

2.6.4 In-Container Vitrification System Drawings
and Sketches

The ICV box is shown in the Bulk Vitrification ICV Container Data Sheet (F-145579-35-D-0004
in Appendix C6).

For a drawing of the melt area that shows the arrangement of the air pallets, ICV box, AWTE,
material feed silos and chutes, and the melt area structure, see Drawings F-145579-00-D-0041
and -0051 in Appendix C6.

2.6.5 Design Codes and Standards

The design codes and standards that apply to the 1CV System are identified in Table 2-11.
Applicable and relevant portions of the design codes and standards are flowed down into the
specifications, drawings, and calculations. See Section 3.0 for complete reference information.

•	 Table 2-11. Design Codes and Standards for the In-Container
Vitrification System. (2 sheets)

•

Design Code or Standard Design Code or Standard

10 CFR 830 ASTM A 269
10 CFR 835 ASTM A 307
29 CFR 1910 ASTM A 3121A 312M
40 CFR 264 ASTM A 351/A 35IM-03
ACI-318-02 ASTM A 354
ACI-33OR ASTM A 500
AGS-G001-1998 ASTM A 563a
AISC (Allowable Stress Design) ASTM A 992
AISC.LRFD ASTM B 187/B 187M-03
ANSI C63.16 ASTM F 436
ANSVISA-82.02.01 AWS Dl.1/D1.1M
ANSVISA-82.02.02 AWS D1.6
ASCE-07 AWS QC-1
ASCE 7-98 IINF-2962
ASME B&PV Code IINF-SD-GN-ER-501

Section IX IEC 61000-4-2
ASbIE B 16.5 IEEE Std 142
ASME B18.2.1 IEEE C2
ASME B30.20 IEEE C62.41.1
ASME B30.9 ISA-82.03
ASME B31.3 NFPA 70
ASME NQA-1 RPP-8530
ASME PCC-1 SAE J429
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•	 Table 2-11. Design Codes and Standards for the In-Container
Vitrification System. (2 sheets)

Design Code or Standard Design Code or Standard

ASME Y14.5M TFC-ENG-STD-06
ASNT SNT-TC-1A TFC-ESIIQ-QC-C-03
ASTM A 36/A 36M UBC 1997
ASTM A 105 UL 508A
ASTM A 108 UL 840
ASTM A 193/A 193M WAC 173-303-630
ASTM A 194/A 194M WAC 173400

2.6.6 NasteAssessment

For all waste contacting equipment in the ICV System, the maximum estimated contact radiation
dose is 10° Rad unless otherwise stated in the specifications (Appendix G6). Testing with both
simulant and actual tank waste has been, and is being performed at the crucible, engineering, and
full-scale. These tests have determine the compatibility of the selected ICV box components
(e.g., refractory materials) with the waste in its various states — dried, molten, and solid glass —
and the processing conditions present in the ICV. Future tests at full-scale will confirm selected
ICV components. Properties of the dried waste were previously discussed in Section 2.4.6.

• 2.6.7 Controls

Controls for the process, pressure control, and an overview of the interlock philosophy for the
ICV System are described in the following sections. Reference to specific instrumentation are
provided to assist the reader; however, it should be noted that these "currently assigned
identification numbers" may change as detailed fabrication information is received from the
suppliers of equipment.

2.6.7.1 Process Control. Dried waste will be fed to the ICV boxes in batches. Approximately
eight dryer batches are required to make one ICV box. This will result in a glass level that is
approximately 14 in. below the top of the refractory. The glass level in each box will be
monitored and controlled based on readings from the thermocouple tree 35-LE-106 (see Drawing
F-145579-35-A-0100 in Appendix D6) installed in the ICV boxes. The ICV box temperature is
monitored using thermocouples installed inside each ICV box. The ICV box will be maintained
by the OGTS at a negative pressure with respect to atmospheric conditions as indicated by
35-PIT-118 (see Drawing 35-A-0100 in Appendix D6) during the melt and during dried waste or
top-off soil feed.

Operational steps for the filling, processing, and addition of more dried waste are under
development through testing with non-regulated material. Criteria such as when to add material,
the rate at which to add material, and data feedback when material addition should be ceased are

•	 examples of parameters being identified. The currently identified operating scenario is discussed
below.
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•	 The ICV box is moved into position beneath the AWTE. Once in position the ICV Box is
hooked-up to the power supply, feed chutes, and the OGTS. This is followed by connecting the
instrumentation wiring harness. Prior to dried waste addition, the connection of the ICV box at
the melt station is checked for excessive leaks using a low flow condition at the ICV box air inlet
(low flow condition is discussed further in Section 2.6.7.3).

Approximately two batches of dried waste are added to the box before starting the melt. After
this is completed, the power supply to the ICV box is turned on and the melting of the soil/waste
mixture starts from the bottom and progresses in an upward direction. No more feed is received
from the dryer until the first batches have been melted. Control of the dried waste feed from the
waste dryer to the ICV box was discussed in Section 2.4.7.1 (Dried Waste Handling System).

The melting process is initiated using the starter material at the bottom of the ICV container and
the application of power through the electrodes. Power levels are increased gradually during
start-up, with the joule-heating process requiring high voltage because of the resistance of the
starter material. As material is heated and melts, the resistance decreases and high current (low
voltage) is required to achieve the desired power level. Indication of the melt's progress is
provided by the installed thermocouples, ratio of voltage to current (indication of resistance) and
power level (determined by the product of voltage and current). Start-up will follow a power
ramp-up schedule to a target nominal operating level. Both the start-up schedule and target
nominal operating level are being determined through full-scale testing with nonregulated
simulant material.

•	 Once these initial batches are melted, sequential addition of approximately 6 batches of dried
product then begins. Transfer of each batch of material from the dryer to the ICV box takes
several hours. During the transfer time, the dryer rotation can be reduced at times to avoid
excessive particle size reduction.

Once all of the required dryer loads have been placed in the ICV box, the melt is then allowed to
continue to complete the vitrification process. In all, approximately 8 batches of dried waste
product are melted. Upon completion of the last batch of dried waste processing, a small
(approximately one-third of a normal batch) clean soil batch is added and melted on top of the
last batch. After all batches of material have been processed top-off soil is added through the
five chutes. Top-off soil added through the dried waste chutes is controlled by the Dried Waste
Handling Equipment (control of material described in Section 2.4.7.1). Clean top-off soil is
pneumatically conveyed to non-regulated soil impingement tanks, located above the melt area,
prior to each melt. After the melt is complete and adequately cooled, top-off soil is gravity fed
into the ICV box as controlled by the sequencing of Top-off Soil Rotary Valves (34-D85-050,
34-1385-051, and 34-D85-052 on Drawing F-145579-34-A-0101) and Top-off Soil Feed Chute
Air Lock Assemblies (34-D88-035, 34-D88-036, and 34-D88-037 on Drawing F-145579-34-A-
0101) located below the top-off soil impingement tanks. Specific use of the impingement tank
weight indication in this operation will be developed as DBVS operational procedures are
developed.

is
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®	 2.6.7.2 Pressure Control. Pressure is controlled through adjustment of the flow through the
ICV lid (see 35-HV-114). Flow into of the ICV box is monitored by 35-FE-112A, -112 13 , and
-112C. After processing is complete, the ICV box breather fi lter is installed just p rior to
movement to the cooling station. The ICV box HEPA breather filter will function to avoid
pressurization/depressu rization during cooling and storage.

2.6.7.3 System Interlock Philosophy. To mitigate the electrical hazard during normal
operation of the facility, only one Kirk key will be available to either access the melt area
enclosure or energize the ICV box electrodes.

Drawing F-145579-35-A-0100 (see Appendix 136) shows a number of interlock actions
associated with low flow into the ICV box. Actions for the Safety Hardwired Interlock (I6) were
discussed in Sections 2.4 and 2.5. Two of the actions for the Control System (safety related)
Interlock (I7) were also discussed in Sections 2.4 and 2.5. The action specific for the ICV
System is shown in Table 2-12. In the event of low inlet flow, the power to the electrodes will
be discontinued to slow down the gas generation rate from the melting process.

"Table 2-12. In -Container Vitrification System Interlock.

During processing, the ICV box is connected to the OGTS and maintained at a negative pressure
relative to atmosphere and the AWTE. Gases generated, and any pa rt iculate suspended, during
the process are directed to and treated by the OGTS. As described above, the ICV box [RCRA
container] provides p rimary containment for the dried, molten and gaseous waste form. A spill
or release of molten waste du ring the vitri fication process is detected by thermocouples in the
melt are, directly beneath the ICV box. Visual inspection of the ICV box is used in other
locations to identify a spill or release of molten or dry waste, consistent with accessibility
limitations.

2.6.9 Corrosion Assessment

The ICV box is fabricated from carbon steel. An independent corrosion expert has reviewed the
specification and associated data sheet and indicated a concern for scaling of the carbon steel in
air at the processing temperatures. Full-scale testing with non-regulated simulant mate rial has
been performed with a representative ICV box; no significant scaling of the ICV container was
observed.
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•	 2.6.10 Inspection Schedule

Inspection of all ICV boxes will be performed by a supplier at the supplier's facility to ensure
that the supplier complies with the design requirements. The inspection will include the
following:

Evaluation of welds to verify no cracking or lack of fusion;

Confirmation that no punctures, scrapes of protective coatings, cracks, corrosion,
or other structure damage are present;

Performance of box tightness test to verify no leaks are present;

Inspections of ICV box assembly are performed as described in Section 2.6.1.2.

After waste has been processed in an ICV box, inspection of the ICV box(s) is performed in
conjunction with another activity occurring in the DBVS container storage area, such as
sampling or placement of an ICV box on the storage pad. Inspection of the ICV box at the ICV
package preparation area is done to confirm the ICV box is ready for use.

2.6.11 Installation Assessment

The drawings and sketches referenced in Section 2.6.4 illustrate the projected completed
•	 assembly of the installed ICV System equipment on the DBVS site. Refinement of the drawings

and development of installation details will be performed as detailed drawings and installation
instructions from equipment suppliers are received. Standard industrial construction methods
will be used to place modules or equipment on the DBVS site. Construction and interconnection
of piping, instrumentation, electrical and control cable, and other components, will also be
performed using standard industrial practices. Proper installation will be verified by a
combination of pre-installation assessments, installation assessments, and post-installation tests.
Installation assessments will consist of verifying proper installation of the ICV System during
installation and will include an independent inspection by an IQRPE or a Qualified Independent
Inspector.

Pre-installation assessments will verify the site is ready for installation of the equipment. The
melt area structure foundation construction documents will be reviewed to verify proper
installation and on-site inspection and testing will verify proper placement and installation of the
anchor bolts. Likewise, the condition of the cast-in-place concrete installed per Section 03300 of
the CH2M HILL (2004) will be verified in the ICV System areas where ICV boxes will
be handled.

Walk-down crews will verify completeness of mechanical, electrical, and MCS installation in
accordance with written procedures using as-built drawings. These crews will verify
component labeling.

•

2-81



RPP-24544 REV I 

•	 After assembly, the system will undergo instrumentation and equipment testing and integrated
testing of the complete DBVS facility. The process feed chutes and process connections in the
melt area will be leak tested in accordance with requirements stated in the installation
instructions. Instrumentation and equipment tests will include remote actuation of valves and
pumps. Integrated functional testing of the DBVS facility will be performed using
noncontaminated, nonregulated test materials.

Upon completion of the installation assessments and tests, an inspection report documenting the
results of the ICV System installation will be prepared by the IQRPE. The inspection results will
be documented in the report and included in the Operating Record. This record will be
accessible at the DBVS site and will contain:

An as-built site plan;

2.	 An as-built drawing set of the installed ICV System;

3.	 Inspection notes, photographs, and any other material used to document inspection
activities;

4.	 Documentation of any defects discovered;

	

5.	 Documentation of tightness testing results;

•	 6.	 A signed and dated statement certifying the corrosion protection system (if installed); and

7.	 A statement signed by the IQRPE certifying the proper installation of the ICV System.

E
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0	 3.0 REFERENCES

Editor's Note: The References include citations from previous packages.

10 CFR 830, "Nuclear Safety Management," Code of Federal Regulations, as amended.

10 CFR 835, "Occupational Radiation Protection," Code of Federal Regulations, as amended.

29 CFR 1910, "Occupational Safety and Health Standards," Code of federal Regulations, as
amended.

40 CFR 264, "Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and
Disposal Facilities," Subpart J, Code of federal Regulations, as amended.

47 CFR 15, "Radio Frequency Devices," Code of federal Regulations, as amended.

145579-Q-SP-002, Construction Specification jor the Demonstration Bulk Vitrification System -
ICVr"1 Box Assembly Building, Revision 0, Prepared by AMEC Earth and Environmental
and DMJM Technology for CH2M HILL Hanford Group, Inc., Richland, Washington.

AATCC Test Method 27, Water Resistance: Ilydrostatic Pressure Test, American Association of• 
Textile Chemists and Colorists, Research Triangle Park, North Carolina.

ACI 318-02, Building Code Requirements for Structural Concrete (ACI318-02) and
Commentary (ACI318R-02), American Concrete Institution, Farmington Hills, Michigan.

AGS-G001-1998, Guideline for Glovebores, American Glovebox Society, Santa Rosa,
California.

AISC, Manual of Steel Construction—Allowable Stress Design, Ninth Edition, American
Institute of Steel Construction, Chicago, Illinois.

AISC, Manual of Steel Construction—Load and Resistance Factor Design, Third Edition,
American Institute of Steel Construction, Chicago, Illinois.

ANSI C63.16, American National Standard Guide for Electrostatic Discharge Test
Methodologies and Criteria for Electronic Equipment, American National Standards
Institute, Washington, D.C.

ANSI FCI 70-2, Control Val ve Seat Leakage, Fluid Controls Institute, Inc., Cleveland, Ohio.

•
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ANSI/ISA-82.02.01-1999 (]EC 61010-1 Mod), American National Standard for Safety Standard
for Electrical and Electronic Test, Measuring, Controlling, and Related Equipment-
General Requirements, The Instrumentation, Systems, and Automation Society, Research
Triangle Park, North Carolina.

ANSMSA-82.02.02-1996 (IEC 61010-2-031), American National Standard for Safety
Requirements for Electrical Equipment for Measurement, Control, and Laboratory Use,
The Instrumentation, Systems, and Automation Society, Research Triangle Park, North
Carolina.

ANSI Y 14. 1, Drawing Sheet Size and Format, American National Standards Institute, Inc.,
New York, New York.

ANSI Y14.5M, Dimensioning and Tolerancing, American National Standards Institute,
New York, New York.

ANSUASME B 1.20.1, Pipe Threads, General Purpose (Inch), American Society of Mechanical
Engineers, New York, New York. AATCC Test Method 27, Water Resistance:
ilydrostatic Pressure Test, American Association of Textile Chemists and Colorists,
Research Triangle Park, North Carolina.

ANSVAWWA D 100, AIVIVA Standard for Welded Steel Tanks for Water Storage, American
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ASCE 4-98, Seismic Analysis of Safety-Related Nuclear Structures, American Society of Civil
Engineers, Reston, Virginia.

ASCE 7-98, Mininnmr Design Loads for Buildings and Other Structures, American Society of
Civil Engineers, Reston, Virginia.

ASHRAE Fundamentals Handbook, 2001 ASHRAE landbook -- Fundamentals, American
•	 Society of Heating, Refrigerating, and Air Conditioning Engineers, Atlanta, Georgia.

3-2



RPP-24544 REV lc
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Section IX, "Welding and Brazing Qualifications"

ASME B 16.5, Pipe Flanges and Flanged Fittings, American Society of Mechanical Engineers,
New York, New York.
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Mechanical Engineers, New York, New York.

ASME B16.11, Forged Fittings, Socket Welding and 77treaded, American Society of Mechanical
Engineers, New York, New York.

ASME B18.2.1, Square and Ilex Bolts and Screws Inch Series, American Society of Mechanical
Engineers, New York, New York.

ASME B 18.2.2, Square and Ilex Nuts, American Society of Mechanical Engineers, New York,
•	 New York.

ASME B30.9-2003, Slings, American Society of Mechanical Engineers, New York, New York.

ASME B30.20, Below-the-hook Lifting Devices, American Society of Mechanical Engineers,
New York, New York.

ASME B31.3, Process Piping, American Society of Mechanical Engineers, New York,
New York.

ASME NQA-1, 1994, Quality Assurance Program Requirements for Nuclear Facilities,
American Society of Mechanical Engineers, New York, New York.

ASME PCC-1, Guidelines for Pressure Boundary Bolted Flange Joint Assembly, American
Society of Mechanical Engineers, New York, New York.

ASNT SNT-TC-IA, Recommended Practice, American Society of Nondestructive Testing,
Columbus, Ohio.

ASTM A 36/A 36M, Standard Specification for Carbon Structural Steel, American Society of
Testing and Materials, New York, New York.
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•	 ASTM A 53/A 53M, Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-
Coated, Melded and Seamless, American Society of Testing and Materials, New York,
New York.

ASTM A 105/A 105M, Standard Specification for Carbon Steel Forgings for Piping
Applications, American Society for Testing and Materials, West Conshohocken,
Pennsylvania.

ASTM A 106, Standard Specification for Carbon Steel Forgings for Piping Applications,
American Society for Testing and Materials, West Conshohocken, Pennsylvania.

ASTM A 108, Standard Specification for Steel Bars, Carbon, Cold-Finished, Standard Quality,
American Society for Testing and Materials, West Conshohocken, Pennsylvania.

ASTM A 182/A 182M, Standard Specification for Forged or Rolled Alloy-Steel Pipe Flanges,
Forged Fittings, and Valves and Parts forNigh-Temperature Service, American Society
for Testing and Materials, West Conshohocken, Pennsylvania.

ASTM A 193/A 193M, Standard Specification for Alloy-Steel and Stainless Steel Bolting
Materials for Nigh-Temperature Service, American Society for Testing and Materials,
West Conshohocken, Pennsylvania.

•	 ASTM A 194/A 194M, Standard Specification for Carbon and Alloy Steel Nuts for Bolts for
High Pressure and Nigh Temperature Service, or Both, American Society for Testing and
Materials, West Conshohocken, Pennsylvania.

ASTM A 234/A 234M, Standard Specification for Piping Fittings of IVrought Carbon Steel and
Alloy Steel for Moderate and High Temperature Service, American Society for Testing
and Materials, West Conshohocken, Pennsylvania.

ASTM A 240/A 240M, Standard Specification for Chromium and Chromium-Nickel Stainless
Steel Plate, Sheet, and Strip for Pressure Vessels and for General Applications,
American Society for Testing and Materials, West Conshohocken, Pennsylvania.

ASTM A 269, Standard Specif cation for Seamless and Welded Austenitic Stainless Steel Tubing
for General Service, American Society of Testing and Materials, New York, New York.

ASTM A 276, Standard Specification for Stainless Steel Bars and Shapes, American Society of
Testing and Materials, New York, New York.

ASTM A 307, Standard Speciftcation for Carbon Steel Bolts and Studs, 60 000 PSI Tensile
Strength, American Society for Testing and Materials, West Conshohocken,
Pennsylvania.
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•	 ASTM A 312/A 312M, Standard Specification for Seamless and IVelded Austenitic Stainless
Steel Pipes, American Society for Testing and Materials, West Conshohocken,
Pennsylvania.

ASTM A 325, Standard Specification for Structural Bolts, Steel, Fleat Treated, 1201105 ksi
Afinimum Tensile Strength, American Society for Testing and Materials, West
Conshohocken, Pennsylvania.

ASTM A 351/A 351M-03, Standard Specification for Castings, Austenitic, Austenitic-Ferritic
(Duplex), for Pressure-Containing Parts, American Society for Testing and Materials,
West Conshohocken, Pennsylvania.

ASTM A 354, Standard Specification for Quenched and Tempered Alloy Steel Bolts, Studs, and
other Externally Threaded Fasteners, American Society for Testing and Materials, West
Conshohocken, Pennsylvania.

ASTM A 403/A 403M, Standard Specification for Wrought Austenitic Stainless Steel Piping
Fittings, American Society for Testing and Materials, West Conshohocken,
Pennsylvania.

ASTM A 480/A 480M, Standard Specification for General Requirements for Flat-Rolled
Stainless and Heat-Resisting Steel Plate, Sheet, and Strip, American Society for Testing

•	 and Materials, West Conshohocken, Pennsylvania.

ASTM A 500, Standard Specification for Cold-Formed Welded and Seamless Carbon Steel
Structural Tubing in Rounds and Shapes, American Society for Testing and Materials,
West Conshohocken, Pennsylvania.

ASTM A 563a, Standard Specification jor Carbon and Alloy Steel Nuts, American Society for
Testing and Materials, West Conshohocken, Pennsylvania.

ASTM A 569, Standard Specification for Steel, Carbon (0.15 Afa cimum, Percent), 1161-Rolled
Sheet and Strip Commercial, American Society for Testing and Materials, West
Conshohocken, Pennsylvania.

ASTM B 187/B 187M-03, Standard Specification for Copper, Bus Bar, Rod, and Shapes and
General Purpose Roil Bar, and Shapes, American Society for Testing and Materials,
West Conshohocken, Pennsylvania.

ASTM C 518, Standard Test Alethod for Steady-State Thermal Transmission Properties by
Afeans of the Neat Flow Aleter Apparatus, American Society for Testing and Materials,
West Conshohocken, Pennsylvania.

ASTM D 1621, Standard Test Alethod for Compressive Properties of Rigid Cellular Plastics,• 
American Society for Testing and Materials, West Conshohocken, Pennsylvania.
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•	 ASTM D 1622, Standard Test Method for Apparent Density of Rigid Cellular Plastics, American
Society for Testing and Materials, West Conshohocken, Pennsylvania.

ASTM D 380, Standard Test Method for Rubber Hose, American Society for Testing and
Materials, West Conshohocken, Pennsylvania.

ASTM D 991, Standard Test Method for Rubber Property-Volume Resistivity Of Electrically
Conductive and Antistatic Products, American Society for Testing and Materials, West
Conshohocken, Pennsylvania.

ASTM D 5162, Standard Practice for Discountability (Floliday) Testing of Nonconductive
Protective Coating on Metallic Substrates, American Society for Testing and Materials,
West Conshohocken, Pennsylvania.

ASTM E 84, Standard Test Method for Surface Burning Characteristics of Building Materials,
American Society for Testing and Materials, West Conshohocken, Pennsylvania.

ASTM E 96, Standard Test Methods for Water Vapor Transmission of Materials, American
Society for Testing and Materials, West Conshohocken, Pennsylvania.

ASTM E 285, Standard Test Method for Oxyacetylene Ablation Testing of Thermal Insulation
Materials, American Society for Testing and Materials, West Conshohocken,

•	 Pennsylvania.

ASTM F 436, Standard Specification for Hardened Steel Washers, American Society for Testing
and Materials, West Conshohocken, Pennsylvania.

AWS D1.1/D1.1M, Structural Welding Code—Steel, American Welding Society,
Miami, Florida.

AWS D1.6, Structural Welding Code—Stainless Steel, American Welding Society,
Miami, Florida.

AWS QC-1, Standard forAWSCertification of WeldingInspectors, American Welding Society,
Miami, Florida.

Bagaasen, L.M., J.H. Westsik, Jr., and T.M. Brouns, 2005, Waste-Form Qualification
Compliance Strategy for Bulk Vitrification, PNNL-15048, Pacific Northwest National
Laboratory, Richland, Washington.

CH2M HILL, 2004, Initial DBVSDesign Site Improvement Package, RPP-22537, Revision 0,
Prepared by AMEC Earth & Environmental, Richland, Washington, and AMEC
Americas Limited, Trail, British Columbia under document number 143643-G-RP-001,

•	 for CH2M HILL Hanford Group, Inc., Richland, Washington.
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•	 DOE/RL-92-36, Ilanford Site Misting and Rigging Manual, U.S. Department of Energy,
Richland, Washington.

Fuller, P., 2004,11ydraulic Fluid Compatibility with TraceTek Leak Detection System and
Alini-Probe, RPP-19524, Revision 1, CH2M HILL Hanford Group, Inc., Richland,
Washington.

HNF-2962, A List ofEMIIEAICRequirements, Revision 0, Numatec Hanford Corporation for
Fluor Daniel Hanford, Inc., Richland, Washington.

HNF-SD-GN-ER-501, Natural Phenomena hazards, Ilanford Site, Washington, Revision I B,
Westinghouse Hanford Company, Richland, Washington.

IEC 61000-4-2, Electromagnetic Compatibility (EMC) —Part 4-2: Testing and Measurement
Techniques — Electrostatic Discharge Immunity Test, International Engineering
Consortium, Chicago, Illinois.

IEEE Std C2, National Electrical Safety Code, Institute of Electrical and Electronics Engineers,
New York, New York.

IEEE C62.41.1, IEEE Guide on the Surge Environment in Low-Voltage (1000 V and Less) AC
Power Circuits, Institute of Electrical and Electronics Engineers, New York, New York.

•	 IEEE C62.41.2, IEEE Recommended Practice on Characterization of Surges in Low Voltage
(1000 V and Less) ACPower Circuits, Institute of Electrical and Electronics Engineers,
New York, New York.

IEEE Std C37.90.2, IEEE Standard for Withstand Capability of Relay Systems to Radiated
Electromagnetic Interference from Transceivers, Institute of Electrical and Electronics
Engineers, New York, New York.

IEEE Std 141, IEEE Recommended Practice for Electric Power Distribution for Industrial
Plants, Institute of Electrical and Electronics Engineers, New York, New York.

IEEE Std 142, IEEE Recommended Practice for Grounding of Industrial and Commercial Power
Systems, Institute of Electrical and Electronics Engineers, New York, New York.

IEEE Std 242, IEEE Recommended Practice for Protection and Coordination oflndustrial and
Commercial Power Systems, Institute of Electrical and Electronics Engineers, New York,
New York.

IEEE Std 519, Recommended Practices and Requirements for harmonic Control in Electrical
Power Systems, Institute of Electrical and Electronics Engineers, New York, New York.
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.Caculation Number' Revision ", .Title , ;Page

145579-B-CA-004 3 lCV*M Box Support Curbs Type 'C' and 'D' and 'E' A6-2

N/A Subcontractor Calculation Review Checklist A6-115

145579-GCA-013t't 2 ICVrM Box Storage Slab and Access Slabs
(Foundations #16, 17, 18)

N/A

145579-GCA-014t"t 0 iCVrM Box Assembly Building Foundation N/A

145579-D-CA-001 2 Area 35 — Transient Neat Transfer Calculations of
ICVrM Box
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N/A Subcontractor Calculation Review Checklist A6-231
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t'tCalculation 145579-GCA-013 has been reviewed and approved by the IQRPE (see Design Assessment Report
No. DR-004). Calculation not provided in this Design Review Package.

OtCalculation 145579-GCA-014 has been reviewed and approved by the Department of Ecology under a separate
submittal. Calculation not provided in this Design Review Package.
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1	 INTRODUCTION

1.1	 Purpose

The purpose of this calculation is to verify the design of the ICWu box support curbs
type 'C' and 'D' and 'E' and their anchorage to the supporting concrete pads. Types
C. D and E are fabricated from structural steel sections, while types A and B are
precast concrete. The designs of support curbs types A and B are ver ged in a
separate calculation 145579-C-CA-013.

1.2	 Scope

The scope of this calculation includes determining the Natural Phenomenon Hazard
(NPH) bads that the ICV"' box places on its supporting steel curbs. These bads
are then applied to the curbs in combinations applicable to the service condition
and location of the curbs. Verification is made that the curbs and their anchorages
will be able to resist the forces resulting from these bad combinations. An estimate
Is made of potential displacement of the ICV"' box due to seismic action.

2	 BASIS

2.1	 Design Inputs

The ICV" box curb layouts are provided on drawing F-145579-00-B-0022. The
details for the type C. D and E curbs are shown on drawings F-145579-00-13-0018
and 0025. These drawings are included In attachment 1.

Calculation 145579-D-CA-010 provides the box weight, and drawings of the ICV"
box itself. Critical pages from this calculation are provided in attachment 6. The
calculation and included ICV" box drawings are reference 4.

2.2	 Criteria

From: TFC-ENG-STD-06 Rev &1, October 27, 2003.

The ICV"' box is Performance Category PC-2 when in the Melt Area and is
Performance Category PC-0 elsewhere. This was provided by the Design Authority
In an a-mail, a copy of which Is included as attachment 4. While in the Melt Area,
the box rests on type E curbs. Type E curbs are checked against applicable site
NPHs at a PC-2 Level. Temperature and impact effects are considered.

•
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CALCULATION SHEET

CALL NO	 145579 B CA 004	 REV:	 DATE:	 24 March 2006

Mc- TMM ICVnr Box Support Curbs Type'C' and'D' and'E'
PROJECT MO.: 145579	 PROJECTME: Final DBVS Design

Type C curbs suppo rt the box in the southwest comer of ICVT° Box Storage Area.
Type C curbs are checked against gravity, five and wind bads at a PC-1 level.

Type D curbs support the box while it Is being prepared In the ICVw Box Assembly
Building. Type D curbs a re checked against gravi ty and five bads at a PC-1 level.
Conserva

ti
vely; the Type D curbs are checked against grav

it
y bad from a full box.

Design Loads:

Dead Load: This Includes the self-weight of the curbs and attached s tiffeners and
plates. The case of 'dead load only' is clearly trivial as it represents a steel curb
sit

ti
ng unloaded on the flat concrete surface. For the purposes of bad combinat ions

In the UBC, the box full or emp ty weight will be included as a 'dead' load in
combination with wind and seismic bads as app ropriate. This is consistent with the
requirement In UBC section 1634.1.3 for seismic bads.

Live Load: As the box is movable, It is considered a give bad on the anbs. Box
•	 empty and full weights are calculated in a separate document 145579-D-CA-010.

Copies of key pages are included in attachment 6.

The calculated weight when in the Meft station is 209,302 pounds. The calculated
weight when grouted and placed on the storage pad is 217,582 pounds.

The weight of the empty box, without glass, top-off soil or g rout is 105,401 pounds.
This Is the condi

ti
on of the box when

it 
leaves the ICV" Box Assembly Building.

When considering gravity and seismic bads, a heavier box is more critical, whereas
when considering wind bads, a lighter box Is critical. To provide an addi

ti
onal

margin of safety, the following box weight values will be used for the 'fulr and
'empty' cases:

Fun: 240,000 lb. fun ICVn Box including all components and the grout allowance.
Empty:100,000 lb. empty ICVTM Box, ready to receive so

il
 and waste.

Imoact Load: Considered live bads in ASCE 7, impa ct bads on the ICV TM box
support curbs do not occur in combination with other bads. The worst-case impact
loading on the curbs consists of a fully-loaded ICV TM box transporter hitting an
empty curb. The case where a fully loaded box resting on a curb is hit by an emp ty

transporter is not considered, as the mass of the un loaded transporter is much less
than that of the loaded transpo rter, and therefore the impa ct force will be
substantia

ll
y less. The design impact force is 4,000 pounds, based on the tractive

effort of the transporter d rive, as well as calculations of the kinetic energy of a
loaded box transporter versus a design passenger vehicle collision load.

.	 G^DevpaslRCalnKAODn^ay5ry aGlWa Rav?tba
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CALL Ro.i 145579-B-CA-O04	 REV: l DATE: 24 March 2006

Mr—TITLE: ICVr'r Box Support Curbs Type 'C' and 'D' and 'E'

4	 PROJECT: 145579	 PROJECTITILE: Final DBVS Design

Wind Load: 3-second gust 85 mph, Importance factor 1.00, Exposure Category "C"
Wirxf bad only applies to the type "Co curbs as the other two curb types are located
within enclosures and not subject to wind.

Snow Load and Volcanic Ashfall: The ground snow load on the Hanford site is 15
psf. The ashfal bad on the Hanford site Is 3 psf for PC-1 SSCs and 5 psf for PC-2
SSCs. Curbs We D and E, are located under roofs and the box is not subject to
snow or ashfal. Type C Curbs are located outdoors, so snow and ash bads are
possible. The combined snow and ash bad is —20 psf, or approximately 4000
pounds over the top surface of the box. This Is significantly less than the 22,400
pound 'margin of safety allowed for In the box "full' live bad. For the purposes of
this calculation, the snow and ash bad is considered to be included as an
allowance within the total box 'full* live bad. This is conservative.

Seismic Load: The Hanford site is in UBC Seismic Zone 2B. While in the Melt Area
on type E curbs, the ICVT Box Is Performance Category PC-2 and the supporting
structure must resist seismic bads. The importance factor I" is fisted as 1.25 in the

• UBC for 'Essential Facilities. However, in TFC-ENGSTD-06, references are made
suggesting the use of a 1.5 factor for all PC-2 systems and components; therefore
we have used 1.5 for "L" This is a conservative change, resulting in a higher
design seismic bad and therefore a greater degree of safety in the design. Seismic
bads do not apply to the box on Type C curbs while in the storage area or on type
D curbs while inside the ICV TM Box Assembly Building. See attachment 4.

Flood Load: The DBVS site is at elevation 663 feet and is not In any of the flood
areas identified in HNFSD•GN-ER-501 Natural Phenomena Hazards, Hanford Site,
Washington. Flood bads may safely be ignored.

Groundwater Pressure Load: The DBVS site is at nominal elevation 663 feet The
Geotechnical report rotes that groundwater levels are approximately 300 feet below
the ground surface. Groundwater pressure may safely be ignored.

Thermal Load: To accommodate thermal expansion long-slotted bell holes have
been used for all anchors In all three curb types, except 6 anchors near the centre
In each curb. The non-slotted holes provide shear resistance against north-south
forces. An holes can resist tensile forces and east-west shear forces. The long-
slotted holes permit unconstrained thermal expansion or contraction as
demonstrated in the attached calculation, and therefore no thermal stresses occur.
A calculation determining the maximum allowable temperature charges is made
based on the size of the slotted holes.

•	 e.eoq.SiNr+e.itwaonu5yrgeuaa RevlOne	 U	 Page 5d it
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Additional Thermal Effect: As requested by CH2M in a review of the previous
revision of this calculation, consideration Is given to 'the effect of elevated
temperature on the type E curbs when subjected to gravity badirg. The requested
design check Is for one curb to be subjected to gravity loading at a temperature of
1058 degrees Fahrenheit This Is the same temperature used to verify the structural
design of the ICVTM box itself in Reference 8. A portion of Reference 8, together
with a page from the AISC ASD Design manual Indicating the reduced yield
strength of structural steel at elevated temperature is included in attachment 8. The
check in the attached detailed calculation is made "at the same elevated
temperature under combined gravity and seismic loading, which Is conservative.
This check does not negate the requirement that the concrete foundation be
maintained at a temperature no greater than 212 degrees Fahrenheit

Lightning The entire DBVS site will have a grounding grid installed. Pigtails are
provided from the grounding grid through foundations for attachment to the
supported equipment No plans are in place at this time to ground the curbs.
Lightning protection of the ICVTM box is not within the scope of this calculation.

2.3	 Assumptions

1. Mechanical or other means will be used to limit the temperature of the concrete
surface below and adjacent to the curbs to no more than 212 degrees
Fahrenheit. As demonstrated in the attached calculations, the long slotted
holes in the base of the curbs can accommodate an increase in temperature to
beyond 500 degrees Fahrenheit at the bottom of the curbs, and will therefore
not limit expansion of the curbs, preventing any significant thermal stresses.

2. The maximum travel speed of a baled ICVTM box transporter will be 40 feet
per minute. This is the value provided by AeroGo for their proposed design, as
included in attachment 3. If the actual speed of the loaded ICV TM box
transporter is significantly higher, then this calculation must be revised.

3. The ICVTM box will not be placed on the type 'C' curbs until it has been
prepared in the ICVTM box assembly building and includes all components of
the full box except glass, lop-off soil and grout. The empty metal box without lid,
electrodes, refractory, eta, will not be stored on these curbs. This allows for a
reasonable minimum weight of the box to be established for wind design. In
typical operation the box will be filled with glass and top-of soil prior to being
placed on the type C curbs, so this assumption is conservative.

•
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CALCULATION SHEET

CALC.No.:	 145579-B-CIW04 .:	 REV.	 DATE: ':,.:24March2006	 .

CALF TITLE:	 ICVm Box Support Curbs Type 'C' and 'D' and 'E'

+	 PROJECTNO.: 145579	 PROJECT TTTLE:. Final DBVSDesign

3	 REFERENCES

1. Uniform Building Code, 1997. International Conference of Building Officials,
Whittier, California, USA

2. AC/ Manual of Concrete Practice,	 1997. American Concrete Institute,
Farmington Hills, Michigan, USA

3. ASCE 7-02 Minimum Design Loads for Buildings and Other Structures, 2002.
American Society of 

Civil
	 Reston, Virginia.

4. Calculation 145579-D-CA-010 Rev F. October 20, 2005. ICVTM Box Weight
Calculations. Includes drawings of the ICV° box as attachment 11.

5. TFC-ENGSTD-06 Rev B-1, Design Loads for Tank Farm Facilities, Issued
October 22, 2003 by CH2M Hill Hanford Group Inc. Hanford, Washington.

• 6: 'HNFSD-GWER-501 Rev 1B, Natural Phenomena Hazards, Hanford Site,
Washington. As revised by ECN 672877, May 15, 2002. Numatec Hanford
Company, Richland, Washington.

7. DOE-STD-1020-2002 Natural Phenomena Hazards Design and Evaluation
Criteria for Department of Energy Facilities Jan 2002. DOE, Washington, D.C.

8. Calculation 145579-D-CA-011 Rev 1, January 24, 2006. ICV'	 Box Structural
Anatysis.

9.	 Report of Geotechnical Engineering Services, Bulk Vitrification Process Partial
DBVS Richland Washington. April 2004. AMEC EdE Inc., Portland, OR.

10. AISC Manual of Steel Construction — Load d Resistance Factor Design, 3rd
Edition 2003, 2n° Printing, American Institute of Steel Construction Chicago, IL

11. A/SC Manual of Steel Construction — Allowable Stress Design, 9th Edition,
1989.3"1 Printing, American Institute of Steel Construction Chicago, IL

12. Calculation 145579-C-CA-013 Rev 3, March 24, 2006. lCVm Box Storage Slab
and Access Slabs (foundations # 16, 17, 18)
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Forces on the curbs and anchors, due to dead load, live bad, seismic and wind
bads have been calculated using the Uniform Building Code (UBC) and ASCE-7.

Dead bads of the curbs are calculated based on the total length of the steel
members from which they are fabricated plus the weight of stiffeners presen t. The
dead bad of the curbs themselves are left out of load combinations as the curbs
are direly and uniformly supported on the concrete foundations. No stresses In
the curbs are caused by the self-we ight of the curbs in this condition. Under lateral
loading, the . dead bad of the 'curbs has a slight beneficial effed In resisting
overturning. It Is conservative to ignore this slight beneficial effect. The total weight
of the curbs Is less than 2% of the we ight of a ful ly loaded box, and any slight
decrease in calculated lateral seismic bad caused by ignoring the curbs we ight is
more than offset by the use of the conservative 240,000 pound design bad in the
Melt Area; an Increase of 15% as discussed below.

• The weight of the ICV TM box on the curbs is alive' bad as defined In the UBC, (it
can either be 'on' the curbs or "off" the curbs) but is considered as a'dead* load for
the purposes of calculating seismic bads and the ability of the curbs to resist wind
loads. In the absence of the ICV" box, the curbs are not loaded by gravity, and
the wind and seismic bads are dearly Insignificant compared to the loads with the
box present. It is dear by Inspection that the critical loading conditions for the ICVO1
box Support curbs occur when the ICV° box is on the curbs.

The weight of the full box is conservative ly shown as 240,000 pounds when pla ced
on the curbs. The weight of the box when empty is conservatively shown as
100,000 pounds.

For the Type C curbs, the full box weight represents an Increase of 10% (22,418
pounds) over the calculated value of 217,582 pounds from reference 4. As noted in
the Design Loads section, the app roximate design value of snow and ash load on
the box when outdoors would be 4,000 pounds. Snow and ash bads are assumed
to be included In the 22,418 pound 'safe ty margin' and are not calculated
separately. This Is conservative.

For Type C curbs the empty box we ight is used when calculating the abili ty of the
subs to resist wind bads, which is conservative. In normal operations, the box will
weight in excess of 200,000 pounds when it is placed on the type C curbs.

c:^n.quimuwrwaonuss»euaa n.v>.me	 V	 pages dtl
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CnLC TTitE•' IC" Box Support Curbs Type'C' and TY and'E'

PROJECT I O.: - 145579 >?	 - ` PRWECT TrTM Final DBVS Design

However. to be conservative. it Is assumed that the 'Worst case' scenario Involves
a box that hasbeen'tully prepared In the IC" Box Assembly. Building being
stored on curbs In the IC" Box Storage Area, where the box would be exposed
to the design wind  bads: As such, an empty box weight of 100,000 pound is used
for checking the anchorage of the type C curbs. This Is 5% (5,401 pounds) less

1	 than the calculated value of 105,400 pounds from reference 4 and Is conservative.

For Type D curbs, the assumed weight of the full box represents an increase of
128% :(134,599 'pounds) over the calculated value of 105,401 pounds from
reference 4. Type D curbs are indoors and are subject to gravity bads due to the
box weight and Impact bads only, so the use of the substantially higher box weight
Is conservative.

For Type E curbs the assumed weight of the full box represents an increase of 15%
over the calculated value of 209,302 pounds from reference 4. Type E subs are
located in the Melt Area and are not subject to wind bads due to the presence of

•	 the shield walls. The type E curbs are subject to gravity, seismic and impact bads.
In all cases, these bads are highest for a fully loaded box.

Seismic bads are calculated based on the box being completely full, which is
conservative for the case where a box is only party filled.

In normal operation, the type D and E curbs might only be subjected to impact from
a transporter carrying an empty box (the box Is empty when it is brought to the Melt
Area from the ICVTM Box Assembly Building) but a conservative design check Is
made for the 4000 pound force of impact from a transporter carrying a full box for
all three types of curbs.

The friction coefficient between the ICV1 box and the steel curbs is taken as 0.33.
This is taken from reference 10 and Is included as attachment 5. The lowest value
of 0.33 Is conservatively used in these calculations. For the purpose of deriving
lateral forces on the top of the curbs, it Is determined that 100% of the seismic or
wind force is transmitted from the box to the curbs without slippage. The seismic
load per UBC 97 Is calculated to be 0.252 Umes the weight of the box.
Conservatively placing a 0.9 factor on Dead bad gives an effective friction
coefficient of 0.3, which Is still greater than 0.252, and therefore the full seismic
load will be transferred to the curbs.

i

	 euaa w. aea	 90(11

A6-10



RPP-24544 REV lc

ameO
• CALCULATION SHEET;.

CALL. NO	 - 145579-8 CAM	 REV.	 DATE:	 24 March 2006

CALMIT E:	 : ICVi-BoxSupportCurbsType'C''end'D'snd E

.^ PROJECT No.:. 145579 ` -	 ' -° PROJECT TITLE: Final DBVS DeSI9n	 .

Vertical forces on the curbs due to dead and five bads a re derived using the
methods of UBC-97.' Lateral bads due to wind are calculated using the methods of
ASCE 7.	 Lateral bads due to earthquake a re calculated using the methods of
UBC-97. Additional vert ical forces on the curbs are created due to the ove rturning

'effect of the bails onthe ICVTm box ac ting at a height well above the underside of
the curbs. These seconda ry vertical forces are added or subtracted from the
gravity forces so as to create the most significant effect on the curbs.

Ver tical forces on the curbs are presumed to act at a distance of 3116 inch off-
Centre from the vertical axis -of the curbs, creating an additional overturning
moment. The value of 3116 Inch Is based on the specified Installation toleran ces for
the curbs. This additional moment Is combined with the ove rtu

rn
ing moment due to

lateral bads so as to give the g reatest effect on the curbs.

Curbs strengths a re analyzed using A1SC Allowable Stress Design (ASD) methods.
AISC ASD methods are adapted slightly to account for the unique con

fig
uration of

the rolled steel W-section curbs resting on the concrete foundations. Resistance to
vertica l and lateral bads is analyzed for the s tiffened beam web sections. Member
strengths are conservatively based on elas tic (rather than plastic) analyses and
section moduli.

Since the concrete foundations that will suppo rt the curbs have already been cast-
In-place, the curbs will be field secured to the exis ting foundations using d ri ll-in
undercut-type anchors. Curbs will have faced anchorage near their centres, with
slotted holes provided towards the north and south ends of the curbs, allowing for
unrestricted thermal expansion and contraction.

In a
tt
achment 9, a supplementary calculation is made that combines vertical and

horizontal seismic forces to estimate potential box displacement due to a seismic
even t. This calcination follows the methods shown In Hanford Enginee ring
Development Laboratory (HEDL) DTRF No A^W6, S.F. Wagener. 1980; which Is
provide along with the calculation. The seismic ZPA values at the tank farms for
horizontal (H=0.215 g) and vertica l (V= 0.157 g) response were provided by CH2M
Hill, and copy of the confirming e-mail Is provided with the ca lculation. Using the
given values of H, V and a friction coef

fi
cient of p=0.33, it was determined that the

box does not move. A further calculation was made In which the given values of H
and V were increased by 50%. As seen below, this resulted in some theoretica l
movement of the box.
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5	 RESULTS AND CONCLUSIONS

Type C curbs are loaded by gravity, (mpact and wind. The maximum stress in the
curbs occurs under combined wind and gravity loading and Is 9.1% of allowable.
There Is no uplift load on the anchors due to wind loading. The maximum tensile
,load on the anchors securing the type C curbs occurs under impact bad and Is
40% of allowable. The maximum shear load on the anchors seaming the type C
curbs occurs under Impact loading and is 15% of allowable.

Type D curbs are loaded by gravity and impact The maximum stress In the curbs
occurs under gravity loading and Is 5.1% of allowable. The maximum tensile bad
on the anchors securing the type D curbs occurs under Impact loading and Is 36%
of allowable. The maximum shear load on the anchors seaming the type D curbs
occurs under impact loading and Is 15% of allowable.

Type E curbs are loaded by gravity, seismic and impact. The maximum stress In
• the curbs occurs under combined seismic and gravity loading and is 6.1% of

allowable. A check of the stress on the type E curbs at elevated temperature
combined with seismic and gravity bads shows Ihat the curbs are stressed to
11.1% of allowable. The maximum tensile bad on the anchors securing the type E
curbs occurs under combined seismic and gravity loading and is 13.1% of
allowable. The maximum shear bad on the anchors seaming the type E curbs
occurs during a seismic event assuming no friction between the curbs and the
concrete foundation and is 63% of allowable. Deflection of the lop of the curbs is
maximum during a seismic event and is 3x10 inches, or effectively zero.

Slotted holes In the base of the curbs allow for unrestrained expansion or
contraction from below the site design ambient temperature (-25 degrees F) to the
maximum design temperature of the ICV TM box base (+1058 degrees F)

As shown in attachment 9, the estimated sliding displacement of the ICV T box due
to a site Design Basis Earthquake is zero using unfactored seismic bads. Using an
importance factor of 1.5 on both the lateral and vertical component of the seismic
forces results In an estimated total box displacement of 0.02 Inches.

All values noted above are acceptable. The curbs have been added to the PDMS
(3D) computer model of the project. Curb and foundation drawings are attached.
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t3H _ ..rNOKK3n l^-_.lvt .-IwPv.t ; Z1oTA WtTy..5AA1,C.
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/7- /5 ^/loa^ct^ ..;oiv-....TI/f'1•`G' ^Guia3 5. ^.	 _ •	 .
eo 4/5.exvArj rP y:,...wSS	 ooboo (,3.

z^ ^^PA^r 
ll

 114D .. .
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,x- troee

:^1^'v13 L .S'Glsa/G.-;^nl^. ?7S fd^C.. d3SbJT/.O.L........ -
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iDala For S'f1= L" .' GL2'	 •'- CNC^ CD1- ' .V&rk Order•. ' 1411'71 `1 -

PreparedBp
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- '-..	 ..:.	 .

...:............ .... V.rit r/C ¢ l ._...^p..13 ...jlo2.13ONrV 	 :.. _ .
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D^F^ ..: STEEL :. C, aes':L Ee><GUE > 	

:Wbrk0nro:'^4497`1
rre ^eaer	 _	 Cho*c en :^T,̂ :t ^W4.3a ' metro` 145574 8 CA o0y ;(d^V3
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.P!rev BY• ^^jJ:cnetkeasy °-- t U1„^le' new,. 145579--8 CA =OC)4' Rev 3

	

-Note. this form must be used for protect okuAtbr s and on	 tNed in project files , AGii EfJT 2_ i
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Prepared Or.	 O*cked sy:	 Fne No: ;145579-8- CA 0^`r ^QeJ 3 i

Note•. This form must be used for project akulatIms and .w*at fled k, Project Hies --° - RACHME NT ^2	 !:_..... __.. ::.

- ._51••ri4o/r.•-iTo'.•-°^`.izna^il -^aa^t.^it tis^_' L ? :: 1

..^_eA._.L^,(f/.I.^D!''}.OLF/ L 6 (. ^15-_4/34^.1:_..: —1 __ ! .1 l	 __ __. 1 _ _ a_. _!

`	 J.	 J	 L ^.L. 1	1LC10J' ^ -Y--r
	 ..y'—• ^ -	 ,

avrR6cc!^.::^W2txb.2.`.....^3_S^t^

cwagE `._(.6^,;4J.t	 14 .....: _.

...^ir,3ir^E `_	 R3r p .1̀•J,'F	 • Ce ...eb P"okes,00'. c{%.{f.a ci.l
J

re;:	 $F/SM.fCJ._ /ccltSOSaS T^e..vcxlIut........:.

4c'4s 	 ....

. ^: ^ ^1 Tv TAG£ .	 FPk: F3Lt.. ^ 'r j.. -,l^ î ^ . • -
	 - j ..._ _	 Q.C..^.EjQ	 ^^ _

645
p .

Tlzotblil

1

IToToG I`._^lp4bdO rT3....	 rove	 )'_

A4r .OriF,Ft . ^X5 ..Oe4 if-rb	 A/5C ASb'(C-r•3.

rs src^s..rutcz>3...j..o,l6:F^	 :.

f ` rJO. -kSO....,.. o. e-G Fy 33 kio _ . ......	 AsTM A 99Z Sn

!ozoo 	 ^^Io^OLL'J ^b^^//2^S in?^ ......

to - tZB2.tS&.. Z< 33000psi

•	 —• • uJir7'i 5T/fPtJ,rCh S -4Of CGrZ!^^ ^,CtYJ -
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DESIGN MEMORANDUM

client• . ' .. C'tEo - -'^EL'Y	 '- 'SAeM	 M

	

•	 amec^A .
Project: Fi,^A^' :1>+3VS . ^ESIC,^J ..,.	 -Date: 2006' NAR 22	 s : ^.,.'

Data, For. ^JiEEL C= uQ6S - C:Fi aa; ONE - :Wontorder l 
..	 y977^1	 r	 r a

Prepared w	 hacked ilyl , ''D	 File Mo t .145579- & Ci4 00'/ aad 3	 ,t• E"^-

Note: This lorrrr must be used lar project olaiatans grid origkial ided in project files 'AMCME.
..	 a_	 .__	 ..	 _	 r	 r	 t	 t- I

' ! ^ 
!"v4G (.Lr^ALI	 ^L^ t ^z^?r^ tl<,5.....^lo	 ri ..._.i — Z  J

^._._^_- ^ ►^7.d'L^-^j. ,^SG^4Ay.64T,^8G^J5^^^ ^.^Z^TifLS iCA4G^_ ^ ! ^:	 I ..: i

. _	

t ....	 ^c .^.dk^^c virirra. )j.:_I.o bil,c, fi - { ': jJ 
1 L.

i	 , 8 5 ^.1

use	 `^3Gor^0 Psd.^ ta..^pcu^.i.T t

^.	 Gvt^6.5. oF- :.!-3'2/;X62' ddGG ^ F^ .,^ACl^sc	 _	 ..	 .

/S 15	 6A:fSt,:Cr/AZ/(/C .

OCT

otii	 sT/FGtNCa-S, • ^^.d> m- fiv-3....:. ^ .....'	 .. . ^	 _ .;

	

• 	 f3.l^M.; ^SZt-T!ONIS q.:..TY.GSO. ..( pNS^RT/lLt^-:.. ^.: _ - .i...	 '.	 ... ...
CNCZJ<- V[YMr-4 4. 6 iZn S . ' . A

tg roTa.	cr aEE....

CK ccK ..O3Z!?Rn!1vF^..STR.Es S	 ..:....:...:.	 '.......... ;	 .. . '

r m
...:...	 ....	 .....	 ...,.....	 .

/1'bt	 x(601100 (,p 0,t3ts,^ ± (3o3a? Us zl jT) 
s . .

1,4

V11r. ° (301 000 ^a:,1 t- 454, Soo G1s.;„

/110 r-	 404, Soo z-7--in•

AG-GO



RPP-24544 REV lc

r

DESIGN MEMORANDUM

	

•

J went • • GEe ` MEiT	 Sheet: « 	 ameC^

	

: project: _ F NAB .. I)BYS ^esiy,J	 Data" x306 HAR 22	 / /	

c

Data For.''Citi;£L''C^u4es''CHC-Cle'"GI^E .wc.kotder:`• 149774' .•:.:'	 "`	 `';-

Pmpared Br. 	teeckaEhY: 	 4	 , No: - 145519-^ U4 `004 R..^-3

Note: This fain must be used for project c*L"tions and oNnal flied in project ties ' fERA(1{ M E ^T; .^2 .	 , 
a

	

,,r̂	 I.

Q	
,	

i .E•

i	 ,	 3	 ih3:	 j	 ,	 I	 r 1 ..,.	 I,

T
fL

J.

s

.sOOO^rs ii...;. A/etas r9	 ^C/S,TNt A99Z $,rcv-

b . O. b6F'.._ 0,66. ^S000ci.^s ')

: 
/

^a^^^.+^. ^-l-:o•abiavCh;_^T3z::^s.'c5!.-..L.irRb Ey- • ^•---^---I--^--5-._. _	 _ ..

I	 i 	 •i	 ,	 1

'_;	

f
- .. .!v .?_ .	 _ I .'A?sc,o	 Hof-3

a	
;I•

._._.
o, o£ Ply,,,(	 _s

:.
11

21 &Dorsi; 3:3QO0

0 . 045 t. .	 o? C;,	 ^0106 I 
<./ . '.. 

ox
cc/Fos ^ . bdvAllvWD OK	 A au.:1 grAcsS ` (^- 7,9vF,4GCOe,,jABGC

•
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DESIGN MEMORANDUM

-Client:-	 GEO, Hvi_-r	 sheet -14 of

	

-T;	
ampDate. 200 HA V 22N AL	 Gil

1976Ey ( mim CHEC-Y- CDC	 Work Order. 1qq774

No ;	Preparw By.	 Owked Dr. .-T)	 Flo	 a

ei TMs form nimt be used for project calculations and original Med lei project files ATACIIHiEPT 2-

1	 7-

......It

'm Pa. 2.4 mx	 V. L

--,,o 9 1 F	 V,

/)V CAL. 11s57q'7-b-Cof-Z*11

/V-s 4,sim 14. .7;w,r 6oec,1z,4-vwq.

sTtvc-Te,,r*,Q 	45;rru; If-r. 1056

Zyv^	 A/V,^ 0

X

—rlm5 /1V0/t,C45CA	 -0

67-4zs.s..	 Y.

	

J ,CPr4s45 ?flff^ 0-04s ifo ! 	 0-.1 5

A-rw. :^ 0,09T-t 0,070;7-- 04(/.:

'C ', puwuti.l,u D OK.

.-4-D :5615m/c- ZV4bll-l-	 AT Z7--rVA-Trn 7-rMy0c7rz#rv&r

•
	

e^"/A 111
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DESIGN MEMORANDUM0.'• aie11: Ca Eti ' rtElT	 40 a	 amec'®Prnle<t- FIMAt. '%?NS "C*N CA 7	 Zoo •'AAA 22'
oau For- STEEL ' Cuaes ^ MEM 'C bE - %workot,m ^ 49	 '1 77^

e PrepareA Fa.6r•	 . CAeckee E,- :•3J W1v^le^	 rw: -.1455-7q  4 CA `OOY /1,a -'3	 _

►,we: nft form t wM be tma for 	 caWa,iom and «iW W&d k,,m en me: ((/l^(^,N1 ENT 2Y	 .

:

^^	 :.=, t..f21L_^5.1/M^LLL'Y.^^._^.L^IJ^I(SLtL 3.U71yT^-^' '	 `	 -•a
_.	 ^,	 _ ,AlaiA/a L^i!l _5ai°!d ads F.LL. _i	 T

+Pzz2Vr 491 °__4a :D -Z- _' .ip.j_._' A/G 440A. A cr
/G^SLSTS..,4c^-;01/tLCiv 	 Ai3YJM4^CLI	 a	 ^_.:

t ^Fr^GT_^_. I-T ip 
i
' Ao - as_. ry/fl^_

a/CFC/AC.?.rtc^r cF - ./5^A^21n (r 	 !	 _

or 144K's--1

vcJZSTi,'. .}=0L^^A7iJ1^^.a .. +	

j '	
! .... i

A
A

RC7J Sporta FlauCL Jw/ltCrt6 `. AVE -
/Q/{	 /oopiTan/lavf .AvcNaa,..Q6a,. ^ -A ANC .".. .

.: .'.,,PjjY.,oRh.; _/R^S3G2i .IdNL.HO.c. 3̂:c.l^..'`.^_..^ANC 	 ^	 .

;l.f iR,F6	 3 /2 .tom Yc 8.:Z4.T..	 F i4s5 ?9-o0-^ ortzS .

'. 2. 50 	 1`a	 7XA4 cq-ioavmt ,. 2- _

•	 ': 'AB,NL _._, 296tH.^.Bs?4.:,^-,--.^.___..__..___;_._^_,_-_^afss_^g-QO-h-̂ IZS.,

`	 .(^(st ,2.40.0 .^.'-..ETA... ccir..,7 Aic_: ^' 	
'^ •	

:. ...

i	 ..
Z

cG3R6^.:.'•^•.
 

or 	 o000 D$..]^^

1. .. ..	 .IJL Iut6L	 -'_ :^ /.^S^Q_^_. ..	 ^^013 3 //V S^Ly ^l^ VAI rm^'A^	 ...

= C 247, .. )/. 0114•	 Cov cep
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DESIGN MEMORANDUM

Clknt.	 ^EOMEt_7	 Sheet	 a "JrO
•.- -Project.'' nteAt '^BVS -`7EStGiJ	 Wft ZCA6' -HAt2 22 •.

	.,DataFor -, TEEL::.^+RB:%.0	 -►^ i•:•, C-	 ->Work"r:-'A -771, .

Prepa ed By^ cneckea ey ^W^,;̂^.c/J Fl1e No: R55 79 -8 -CA 60Y
z No!e.' This f" must be used for projed caitutat" and oric I taed In project tiles `	 -

_	 - -	 — --	 -	
CNNFA _	

_t_ 	 A! ^	 2

(/{Q'

	

'A' 	
y—T^TC(-.PY"1j30FYlt, ' ^TR^\9 .._^ — i1.-1	 ^L>g^ r ^.. I^Zr^^—

fjarmch. 0,9/20000cs^- ^gS4d r^^)/tq^ r	 - -1

:...i._. i.. s.._.. _.. -_..._ .	 — -	 -	 -.
.	

oT,b^'r	 ..._.^9 {oho ic,L

....'.	 /C	 7.4-)Z• • AoV

!,.. -:... , .. ĵbra(^	 (O..( 006 : Lb.	 Rp^e 0Eq i.... .: _ ....	 ^iaRl G/krcy . r

.	 T32.v^ili.-*^draal.T.-	 wk.D	 3 _

,{/^	 /	 p	

Z

:./ /0 3p .:,/:S 030o.L_ bS_/2 j^^ _+ ^^..f.tJOo.GBxQ/1S b.^4

tg. !- .:...; ...{....`..: 454 5d i! 
i

.	 .'. ^JIIS C^VnT/VCk^.T .yYSS/G^'!.: ^^^L vPa/f.r . 2rs^sra-3GC
....
	..	 ^ .

TO. _AMGKD r— T :...G^^AT;r`o ./w TnL ^INGrIQ.t
..G3K.3.• .6ffi,wVSt OF .;T//c7%L 40-1M. LdVCX-

;' /tM 6 1 rh?r^ . Gt/c I-	 r. Aoosr ^fftt7/IiL'
ANGNd.15 •	 /G.vpR/.v6— GvEiGyT .af ANGHD'Z

/S CPASrXL14T/ 3r.

G
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DESIGN MEMORANDUM Awl

Cnenl.	 C?Eo MELT	 sneer	 a:50	 amec 7•	 Fr*ct- `- MA I- ' ,^DI^VS'^I^EStGn1	 `. .,bate: `-x06 NAP 22

`Data For "::5 EL ^'a- 	 CF^fcx`"-:CL)E workOrd•er:'	 77
;'
rewreaBrf ĵ, ,̂,,̂  cnec^ea er	 W	 Fae No 145594 - B-CJl -00y • RaJ 3

Not,n r^^eeuxarw	 akulAmsma«+y"n4atio^n f3l^f_tcN_NENT . 2... .

`OF FG^ tf ^_: 4'Tatp^ ,cf^AAr 
i.	 ( _Yam  

'—^	 —' ..	 r
cda^6i^rc^c Do^1^,GLR2.

q ° LevGlt.aR.r ` oF_.j6n-riC.QU	 0.	 v 5

[Loop. ; p8w.r.:_7o.e, oF. 	 a-c:

:	 .. ((rSC ^f•DO h-''InS^o{ O.f .¢lZ ^^-.-GinSerJa•^k	 .... .....	 .. _

it
•	 Rd	 L.CYcYt . 9rt n...o F. A.UC tQI $.	 _ .	 ..	 >

JAIv 41V6nl:- 'k3C.a!!?_.AB^1v7'..	 a..c- 4m t24; .x.2.5 1-ht 30.5
^1.4•.SS-i.j -9o-iS-00z5^

!^ 4..GNS'tDlf...i.lL..^a14f(t('S...i.Zoticn.ec.S:'.L??TA.c^ 	 :__..'...

.	 _

-
,

•	 ^	 ^	 30.5 r:^ •

'E ^F gb4-NZ 1Z,41 a 3888 6-3	 /cso es s60%
SPZUA l.' /^SPcc 71 6-0

^/fit = 524^^^3988 ^•^ ^ o . ^ 3 I

•	 -T JS/Gt roacr on,, Ar4cyll5 /S /3170 Ac lL CoctI4 u5'-
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DESIGNMEMORANDUM"

• . dknt e 

r̂^Fa ,BELT	 met of TO	 amec^Prolec^: 1 in1Ai	 ^^/S ^tcrcN	 =-• . Date:...2^06 hlaR-22 .
Data For	 .'W"k Order: 14911q
PrepxedBtn '̂/!̂ Ĉ ^^ ct,e<keaer"'D^^ ,`1`c^ Fie No: = IN5519-8-Cd-oo4 Ra/3

r Note ThislormnaMbeusedforpmjtd 	 MedInprojectfles	 `.'ME ..T_2

IDZ'HEZ A— : . se^tei^Jori

i	 1

s -i "-^JS^at LL—^.f ' .	 y et^l`.1.Y	
if.

5, i.c
I

!	 pE7^lYGb LL Lt^icMn.:T/r%aS^.S^ rFinGf; ! 	 -! —
j-- -i -._.. _._......-- .!......

Fpn.^.. SPgcli^.lr-:.^_.^2:._4^• ,, ' _._._._.:..::. •'..c.. ^ -- ^AQc.^9•

:.:..;..:.. 31 MI,"awl 5O,o. t („ir.-= :!.F .4 6-.n.ol c.5	 . . J.. /	 560 S:

p	
B G 2

i . 34uTao t-.. $PqG/^ 6^ `_ ^la^ZZ-I^.Sk^^ — 7Z IJId^ .

•	 ....;.. ^D2_.:SPq^!n E .^ l 114fUwt::.Le-co vccl 5 A/Colt— ... :. .IG^A.€S StSOFj
. :̂ Y 	 "OT6I p3/^

o	 ,^...... __.; tP.. _...	 ...........

.. (O an ^ rs	 ^	 la	
GB	

....	
i :....

Argo	 L.so ;^100.—: :.p r.(03

//II

	 `t 8 Wiz) :	 :_	

/.
^l/OKSt -A C- SrrtA^t.'FUrCCG: au ANGNOAS / S ` cp3/ 000pwAS'G^...
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DESIGN MEMORANDUM 't	 c	 -

^^EO MrL-T 	 amec^
•	 Project:	 Date: <20A6 MA R 22.:

Data For.•. ' ' ,4^tEEL-' Cutiss`-" CrtrpL CV)f Vl '*'Ords'n 14977

Prepared By

	

	 CI edcld Bye'	 h'	 Fileb!o:' 115579 — Q CA COY AW 3,,

,..	 "^ 
Note: This "mistist ee & s d for project 66tations and original tiled In Pod tees: f 4''f fhCHM^ r=W 2

	

/V3...C.rAI _ .d3^r—!0 l̂vo1 / f'L44^R7-0^8	
1^	 (1

,
1T,eG.^ ' y

7Z%E_. TliaysPOtirdn I^.137^.,...GD• 1,B) rIOr+ t r:--	 --
,,	 is i. cvca c^-!-^ra^^^c_;^G•4r_.,.or4iw^i.^a^tD ' 	

,,_  _ .;..

^- ....- -.̂ %ff^L.i/ii^' LGi-i./^^^LtK^;•-	 .i _. ._,..	 .i	 !	 _	 .... _.. _

/V'.G44t6
mss.: ,acs/Srcn isy S//C, 1- 4,4ex.A%,111..:...

M4 A000

gs

!	 ^"
_ ... . _:. .. Uf..:CcTt7JZe_L ...lv._. ^.•gvcn 25:...,:....... '_ .:_.. ,.._,	 .... _ ....,

	 .: ..

i

2,i^r; N/5-.-.aN.-c^crrdn ._..ts._

2^ ^— i3 
... ;/NIPA 

`7 ... ^DVC D G01vSi5 f... v%=..
OP^AT02 :DR/ 3/n.lt T1IL'.. /CIJ

rr^x/ ....	 ,
Wee-vJPd/LT,n'L- : ewA16)NRT/gA/

tT Tbg 7 1̀^t; .tr c '!^cb. .Aifficvc.T..__:._
^ecruo at y it / T 7 rtg. c 8; ^. SuT.. ..

Lci/,L ce.W51OGK_ EfFM-r Of'• 41YId ^B,
Zell, •.OL zCAD ,v/Pcicp 7lCo,.svcxscGy
7 a TOP F40 v6t OF r4FvivGi^r[l3tSlic^{,

AG-G7
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DESIGN MEMORANDUM .

Cue„t:	 G ca 	^ T̂	 Sheet	 Of

•:	 t ea	 So L J'^6VS 
e
,ssc^rt	 u^iC' :,2c^o6'M42 22 .s

Data 	 '- S'raef Gh<es ': CrtecK ;; <_AE	 wericoreer `ly

Prepared riy:	 Checked 9I^• 'WA' '•U.	 File raa 14957 q-a-r a co

Note• this f 	 be used for project cakuauals and "real Med in pr*d files

lt^^,>H o,.	 I	 I

•

_

•

! r. ^el -rlli^.A ^.l ^:11 vL+r^. /^kI //7•^ ^^1.. i	 1 -^	 1.^ !	 ^I_ I ..'i ^ i.

cl

i Ctanc = VtrL 414v` .FD^i7L?vS%OAt .^NGK6GS	 : .

sirdia7-1Var'. T.o,^'c_^o.s.

F

^:	 •V=, ^.....,:.}_.^`tD0^D.^R.^21 chi: --^ .- 3^0.^$ ,._.__..	 .-.:

G'dtoQry ..ede^cna^•s . ,oee,6^,,o0^4va7'C... ' 	 • .., .
•- : ac51 5 77 a^ y ^^^,h .c,^usz^' y:

•	 /^tPA^T Goan.:-	 ..	 .. ^	 ..:.	 ..

}̂Lt	^DO() f.6	 L'G'^.e ¢c^^ 7-y/5 IS
d	 , v//,v/yL LOAD ,4^ 9 GeN er simloxix

O.if fN^ G0N^/^t7^ b.OSG•
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t

	

	 _ -pit S H^Lj'4!t,

!.	 _^._ .<	 JZ.
r	 J

,oTi^w.C. ^ lEURCi.-.ox[..

3{c	 i

NO,t,.'.^F,o.. /G.VUf /ns /k S/Cfd2 /1 /p, y^OFjy[tpw,d8/y .

•

0

o$ -_. 0.vixti.^

OL

^CvtB..Dv 'ro!,ifl^zse /roO,oc.7-L. 	 .:..

A/763:1

	

	 ^ 
w ^ Jai, 

•L 	 ,
 _y

: psi.;- .^•psy..ro	 iU

1	 II

= o.^6F^ = o.G CSa000Psz
Fir-raw at,w.s

Ti ° .330

JVo vrnv44(. e-v,4a 02 .-o i/ roF, ^^A^F_°/3sJUD/^1 1r : f =.o f6^: o

co _ 	 si. = o.00zS

Fb	 33o00p 9 d

Sr2VPr.5 IM C&AB Dvs To IM O# Cl ZOAD is 0.3 /p of Arco .Al3^i

AG-G9
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DESIGN MEMORANDUM	 :t

•'•	 • Client:'	 co t) /'I d-'i	 Sheet	 of

Project I!rJAL •'Da^S	 titgt.)	 Date. =2^606 ' AAR 22 
Data For' `c`GiE-_`- LtLRQS''rilEt]C •,:^ D^ ">Work Order: ^:'^1yg17^ •'"?,':
Prepared ey	 cneckea en ^yW1 1	 Re ►+« W 55'14 = B to 00

;Noted TMs krrrr must be used for project 66a,;Ooos and orf9tnat filed In project files	 1{ME

•

!_ : : .K ^[t311 tQl^ t BCE' _	
i ; 

i	 y

'- 
1 ai^w.. .l^.r A 	 /r.Y LP:

c^^vst^>>_^r.;ATr4^11.^4r'g

. ' _ i_Twv._.oa^o c. f	 _: IAI bo.-I_ Zeis.^,cei	 ; _ . _	 .....!..
:

tve ` 3 a ,303tt> .SC- Ismfcr PdTi , Curt? . ..,}Ew CoNTlLOLS'

aatr:	 .^y..	 .-:--	 ......-_^_..c..... 	 -
,.. E .. cS._.1,AEi_. j C _^Eid3JlRT ._!Y/CtL7r.^L,.^BnJOLw)' ...,.....

t	 ,

1

C.	 C = 
Irc, SCI...
	 _

t4' ! "rXC^..^...'^0.:._CDNG2dTF+^.J	 -I..._^i 3E^^j	 ..

	

Ci•0.•v'T/LNG7ZLi? _:_ .2l•tn.../j.QSC..	 '

,

A r (-3 0 .300 	

S.
ZI;.^	 =. O..opo3:7rt ... ^aoo85:,. ^.

3 ^3ox/O bPsL,^^I 310i`n°) 	 ereo

_Dc'.F000--i1 D M pF . -P r Gurtb v1A5rt- SL7S.41 1C GdaA

wrTH ocZ%Ptt._-r To ,BA SE 'CONCItra = ^•
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DESIGN MEMORANDUM	 't

• cr rL l̂ Fa_ M E"r	 a	 amec
Project.	 At-

Data For ^STEF_l.. CtiRt45°(^pE e k^: ^'	 VYorkQ•der•. °^^ y -/

Prepared Bt"	 ^procked rir 'DWG Foe No• ^ j455'79 ^ 6- CA-Ja6`/ Reo_3 - .
Note: This form mull be used for project cakvlaUons and orfgb INed h projed flkes r}. "ttACH (J(EN'[ Z

i	 !!	 I	 ;	 1	 r .;	 i	
;

1QS07L^LJJ ;^^SJ.r^Q7`IOS,Ir a TJf^^ :.. 	 j	 ! i -f}	 1
t	 1

	

-
"'ZNI latx^,.^t 7"vt^ to . _

I. 
';z)/^-^-- ,6d5.£'.._CO,t:(Crt^	 : -•- -- ^ ^-

_ .... ..

t^b4 :73/.kZZ"_..4r^tL$.L .1r^!?L . Ltf/1i4. GyE^f--=---

i	 -°?ylic3 E"7cP.o-vs/JZ/ ^-GbNTR.ovr/O^v TO ^	 1

•,eovisioAi./5..:.,GyoD^...Folt q." . .or. ..F-(4s5^5-Q-anS
cOAJT/CAC700 1V - ^.f{D •^j^$.'..OF:. , 	 ;_._'. _AG>A/L$ . 1. t. ?^

i	
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DESIGN MEMORANDUM'
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sparedey	 cne^l ed ey J N`11	 FII. No: 145579-6 UI ao4: 
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Attachment 3

•	 Travel Speed Data from ICV Tm Box Transporter
Manufacturer — AeroGo

0
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Catc. No.:	 145579-&CA-004
Rev. No.:	 3
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Attachment: 	 3

Cale. No.:	 145579-B-CA-004

nev. No.:	 3
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Dis>rbutlat Frank Sweet %n Jones. PaW Meyer, My Me". Wool Paul. Vida Iome> m .

1. atarlglrlg the Im B" weigithom 95 INN" to 100 tonnes w ill not change the she of"
Air Pa llet presently Proposed

2. The maxkntm total lateral Some IrMosed by the ak pallet Is 4,000 b Wonerated by 2 dr ive
txft).

Tom Wison

0

•

u

0

Attachment:	 3
Cab. No.:	 145579.6-CA-OD4

Rev. No.:	 3
Sheet _ of

AOECAmaks Ukied
IMCaf.Ar
TmkBC VIR4C3
Td SQ 3W240
Fn 366241
lY^.'allee6AaA

6041665 11EV.63"ftMrobrd SAWolia WbDriLaa1 Sa6+1a\TW"mY"wW Ftw1CUMMW
Pa6aadoo	 Pap 1 d 1
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E-mail Containing Design Authority Ruling on
ICV Tm Box Curbs Performance Catego ry
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l	 From: Leonard, Michael W
l	 7, Sent: Thwsday, March 24, 20055:09 PM

To: %uey, JaKaef
Cc Shuford, David H (Dave), Jarticek, George P
Subject: FW: PC-IM

Ja-Kael.

As detected below we have a concern that El-CA-M Is treating the box as MIM In the melt sta
ti
on (Le., when

Its on a Type D curb) and therefore neglecting the seisndc response of a Tesdgn Feature' for the release of d ried
waste and of toxic off-gas accidents wh ile In the melt station. 	 -

Our DA recommends that the box ertd box support albs be analyzed to PC-2 wh
il
e In the melt area.

Please Incorporate this Comment In to the ICV System design package RCRs and forward to the Trail guys ASAP.

Thanks.
ML

From Jardoek, George P
Sent: Monday, March 21, 20051046 AM

•	 To: Leonard, Michael W
Cc Shuford, David H (Dave); Haley Mlan A
Subject RE. PC-1M

Mike,

F irst of at, the PC-1M designation Is only allowable for use for in-tank-farm retrieval proje ct activilm1facifties.
This categorization was negotiated with ORP specctbaly for these projects. 

it 
currently Is not available to the

DBVS facilities under discussion.

That being said, I believe the curbs should be categorized as PC-O. That Is, NPW are not an Issue.

1-10 wever. In this same Ca lculation the statement is made that to ICV box Itself has are same categorization (PG
1 M) as the curbs. This Cannot be. / are box were 0" out on the storage pad. contain ing a rnanolittllc b

lo

ck of
Immob ilized waste (glass), then I believe we oDM successfu

ll
y argue that t was PC-O. like the cubs. Sul. the

box In
it
ia

ll
y Is a

ct
ing as secondary contakrment for the dried waste being added to R fixing the met process: for

the mo lten glass 
it
self; and, for the gases being generated (NOX) duinrg melting. The PDSA credits the  ICV box

as a -design feature . meaning that t is not specifically Safety-Significant (SS), which would drive a PC-2
categorization, but is at least GeneraFSemice (GS), which would dfiro a. mtnknum. Pat categorizat ion. But as
you should reca ll , we made a conse rvative cat for the project and said that we would design all waste containing
structures to a minimum PC-2. to keeping with t

hi
s conservable approach, we should make the ICV box PC-2.

Minn. what struchwal qualification do you think is required for the ICV box during the fiWmet processhV?

George

From: Lcoq W, Midtad W
Sent: Friday, March 18, 2005 4:19 PM	 Attachment

Cale. No.:.	 145579-B-CA-004-
Rev. No.:	 g

•	 Sheet ^_ of 2
06/022005
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achment 5

•	 Friction Coefficient Reference — from the AISC
Manual of Steel Construction Load and

Resistance Factor Design 3rd Edition 2001

0
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cl 16.4-34

s	 4
w

dh

4	 1t 16Fi

Lc= s -dh (urtellorbo&)	 Rn=2(0.6Fut Lc)
Le= La -112 dh (60&1-bolls)	 = 12 F. tLc

(a) Dimensions	 (b) Strength formulation
(per bolt)

Figure. C-5. 1.  Bearing strength formulation.

5.4. Design Slip Resistance

5.4.1. At the Factored-Load Level: The design slip resistance is ^Rn,
defined below and:

R. =pD.T.NbI 1— Tn	 I	 (E(

D T. N,

where
=	 1.0 for stand ard holes

0.85 for oversized and short-slotted holes
0.70 for long-slotted holes perpendicular to the dir
0.60 for tong-slotted holes para llel to the direction

Specification for Structural Joints Using ASTMA325 or A490 Botts, June

RESEARCH COUNCIL ON STRUCTURAL CONNECTIONS

Attachment

Calc. No.:	 145579-B-CA-004
Rev. No.:	 3
Sheet	 of 2
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^Rn
^1 (f 0.6F"tLe

Rfta2(05FytLo)
=7.2F„tf c

trength formulation
(per bolt)

formulation.

t

t

f

i

R
1fp

W

l
:esistance is K,

Led holes
ndicular to the du
el to the direction

2r A490 Bolts, June
CONNECTIONS

RPP-24544 REV le

nominal &Mn th	 16.4-35
_	 8 (sl)p resistance) of a slip pane, gips,mean slip coefficient for Class A, B

app
licable, or as established b	

C faymg surfaces, as11

A ndix A see Section 3.4	
Y testing in atCe with

0.33 for Class Afaying surfaces (uncoated e1surfaces or surfaces th 	 can mjH scale steelWr Class A coatings on blast-,I— a

surfaces with
-

Class B coatings on blast-cleaned steeee
l	 surfaces

0.35
r

D _	 for ClClass C surfaces (roughened hot di
1.13, a multiplier that reflects the ratio of the mean installed boltPretension to the s	

pretensioned j r

pecified minimum bolt pretcnsion T ;other values of D shall be a	
fRecor

use
d 

of
i	 T 	 ppr°ved bY the Engineer o	 ,t	 specified minimum bolt pretension (for	 o'specified in Table 8. 1), kips;	 ats as
j	 Na =	 number of bolts i. the joint; anda	 w =	 required strength in tension (tens

ile component of appliedload for combined shear and tension loading), gips	
factored

=

	

zero if the joint is subject to shear only
5.4.2. At the Se

rvice_Load Level: The service-load slip resistance isdefined in Sec tion 5.4.1 and:	 $ R s , where 0 is as)

R, =pDTmNb()_ T
ll DT^Nb )	 (E9uation5.7)

where

D	 =	 0.80, a 
slip 

probability factor that reflects the distribu tion ofactual slip . coefficient values about the mean, the ra
tio of meaninsta

ll
ed bolt pretension to the specified minimum bolt	 sion,m, and a slip probabi lity level; the use of other values

preten
of D mustbe approved by the Engineer of RecordT	 =	 applied service load

service load for combined
	

i (tensile component p appliedd=	 zero if the joint is subject to shear 
nl^nson Joading) gips

and all other variables areas deli.,.) f_ 	 _ _

^Oecificadun for Structural Joints Using ASTM A325 or A490 Botts, 
June 23, 2000RESEARCH COUNCIL ON nRUC-1 MAt CONNECTIONS

Attachment:	 5
Ca1c. No.:	 145579-B-CA-0(}Q-
Rev. No.:
Sheet	 7 of
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Attachment 6

• ICVTM Box Weight Summa ry from Calculation
145579-D-CA-010 Box Weight Calculations

Revision F
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RPP-24544 REV ]c
r .ti,s v	 ,:s	 r	 7	 r',	

v	 .7.

v	
.fie

•
:?	 -	 .

r w^ amecCALCULATION.SHEET

. VI.LC.

CALL TRLE: ICV" 1 Box Weight Calculations

PROJECT NO- 145579 "• :,PROJECT TITLE. Rn^ DBVS Design

l) Bottom Plate Stiffeners (transverse)— HSS 6*x6 x11Y

3) Components for the lid(F-145579-35-D-0006p

a) Stiffeners -HSS4'x2x1/4
b) SlVfeners —• HSS49t2W16 Attachment	 to

c) -̀Stiffeners - HSS 3'x3'xA/4' Calc. No.:	 1455738 CA-0Oq.
d) Plate7houghout-5/16' Rev.No_i' 	 3

e) 15/8' x 1518* Unisbut Sheet	 ^_ of
f)	 Stiffener Bar -4'x318'
g) . Gussets - 30

The weight breakdown for each component is shown below:

Component SolidWorks Model Attachment 1

Box Components 19484 ' b lb

Bolts - lb lb

Steel In Box (Base) lb IONI lb
Welds b 191 lb

Lid 61 b 4734 lb
Electrodes ' 12W lb 1271 to

mutation 18f lb 171 lb

pport Ribs b Brides 6411 lb 840 lb

efractory 49824 b 4674 b
nd 2309 lb 2442 Ib

id Glass 9391 - lb 9391 b
op-O6 Sob >10 in) th 1054 lb

ell Station Weight 209304 lb -	 207601 lb

All
Station Weight to

rout (- 6 In) 82 lb (calculated)	

Eqforage Pad Weight 21758 lb

ZooG f1A^.pt
	

b) Sta rter Path:

The starter path Is absorbed by the molten glass and therefore its weight

.w.11.ln FFI. M. btW M.M[d.Ye^4.Mw	 .M 11..	 bWE..^ 4NFI4	 eb.
Ox4w.lU11:	 WII:	 CMCYF̂ 1 _	 WT{:

r.lsoo
	 ^Peye.B eF9 -

•
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ICC-ES Legacy Repo rt 5608 - Hilti HDA Metric
Self-Undercutting Concrete Anchors, and

Manufacturer's Data

R.^io
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legacy report on the 1997 Unf/orni Buffdfng CodeTM
t

DIVISION: B3-CONCRETE -..: 22.5	 Concrete.' Normtel-weWd c..	 ..	 .. miust	 to
Sectl on:03151--Concrete Anchoring .. Sections 1903 and 1905 010	 1997 tMAcm8u

(IBC), with eonpressWe strength in comp
li
ance with this

' HII.TI HOA METRIC SELF-UNDERCUHING CONCRETE report at the time of anchor Ystallafim	 '	 -
.	 ANCHORS	 - 23	 Design•.

FxlTl, INl~	 - 23.1	 Service Loads: A llowable service (a llowable stress
5400 SOUTH 122ND EAST AVENUE . design) static shear and tension bads a re described In :.	 .
TULSA, OKLAHOMA 74146 - Tables 3 and 4.

-1.0 SUBJECT SerWmkadslorencho rs subimiedtocombinedshearand 	 -.
tension forces are determined by The lollowing equation:

FfN HDA Metric Se ll-uderaming Concrete andmrs. -
(PJP." + ( ►'JVY° s 1	 . .

is

2.0 DESCRIPTION

2.1 General.

The HDA Is a sea-undercutting type concrete anchor. The
anchoris avalbbleinpre-seiQlDA-P) and NrwgMsel "A-
T) configurations and is fabricated from carbon steel Figures
1 and 2 tlhslrete availa ble con

fig
urations- AN carbon Med

parts are electroplated with a Elan-thick zinc coating In
accordance with DIN 50961. Both configurations Irchide a
cane tiek sleeve. washer and hex rwL Specifications for the
anchors are provided in Tale 1.

22 Components:

221 Cone Bolt: Prodcedfrom carton steel conforming to
D
IN 

931, Grade &a. the cone Dolt Is cold-formed with rolled
threads on one end and a cone on the other end. Wit

hi
n the

threaded part the bel
t there Is a small area without thread.

This area witho ut thread carries the setting mark (expansion
control) of the ardor rod. The and end is covered by  plastic
Cap b prote

ct 
the thread during the se lling process. On the

lip d the rod, above the boa end a code letter Is stamped.
Which permits establishing the total embedded length of the
anchor, as descr

ib
ed in Table 1.

22.2 Expansion S leeve: The sleeve Is machined carbon
steel conforming to AISI 4130. The exparsbn a

rea of the
sleeve is stA6vldedintosix sections by means d longitu dinal
skis. Two d these expansion sections have brazed tungsten
carbide lips for uderctmi li. In the pint where the expansion
sections transition to the body of the sleeve, there Is a
retention r-ag of plastic.

2.23 Washer. The washer is formed from carbon steel
conforming to DIN 6796.

2.2.4 Hex N ut: The hex n ut Is formed from carbon steel

co ntormirm to D
IN 

934 • Grade 8.

where:

P. r Applied service tension bad.

P, r A
ll

owable service tension load

Va r App
li
ed service shear bed.

V.,,- Allowable service shear bed.

For anchors installed at edge distances less than critical
edge distance, C. endlor anchor spacing less than entbat
spacing. a„ the bad capacity Is reduced in accordance with
reduction ficlors In Table 2.

23.2 Strength Design: Strength design stalk: shear and
tension bads are determined In accordance with Sections
19232,1923.3.2. 1923.3.3 and 1923.4 of tho UBC. For the
purposes of design, 4 I Section 1923.32 of the UDC she ll

be taken as A, in Table I. and /r In Section 1923.32 of 0he
UBC shah be taken as to In  Table 1. The l mithng deflections
used to determine tic ollimate bad in shear or tension are as
follows:
M10: 0.391nch (10 mm)

M12: 0.47 inch (12 mm)

M16: 0.63 inch (16 mm)

The design stud strength of the HDA-T In shear (pounds
(N)) shat be calculated as follows:

V._0.60Af► +0.40A„.r

where:

I r Area of bolt as given In Table 1 (m'/mm).

I,a r Ultimate tensile strengthd the boa as given in Table
1 (psYklPS).

is

'Corrected April 2004

NC^Lt 4rwl wM^r wrrr MrauwNr rT.rvri.4 rs4nuragwMrruWrr rr wwWarn)Wrnw{ rrwr Mr McrWaNr
re.[wr.rryrra2,'.ndx+ rper,wa.r— 	 pbar. rbr errmrr 67 #cc Erlrns Ern4r. ar..eymhr wyl^r4 wr	 '
rllr+A.E wrlhrr r,rr M i'r rxar{ wu rrJ pairrrer.N ynr rpwa	 ^`^^

Attachment:

capvOrosooh	 Cab. No.:	 145579-B-CA-004	
raw l 'Al s

F1ev. No.:	 3

Sheet	 of	 Q
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Installation details for the HDA pre-set and lbrough-sel
anchors are descr

ib
ed In Tables 1 and 2 and in Figu res 3

5 and S. Stepped drill bits are supplied by Hits. ko., and are
deserted In Table 1.

2.5 Special Inspection:

Where special Inspec
ti
on is required, co pliancewith Section

1701.52 of the UBC Is necessary. The special inspecbrshoF
verity anchor type. anchor dimension, conc rete type,
concrete compressive strength. h ole dimensions, anchor
spacing, edge distances, slab thickness, anch orembe ciment

'srd archer knsta6alion procedures Qrddtl&1g Ore w dereuttkg
process and position of red setting mark). -

2.6 . identitioatlom

The label on packages of anctors Inckxles the
manufacturer's name (Hixi, Ine.) and address. the anchor
name, the anchor size, the evaluat ion report number (ER-
5608), and the name of the quality control agency
(Underwriters Laboratories Inc.). Each anchor has the letters
HDA-P or HDA-T. the anchor rod size, and the Ina>omum
fastened thickness embossed on the sleeve. As deserted in
Section 2.21, on the tip of the rod, above the boh en4 a code
letter Is stamped, which permits estab

li
shing the total length

of me anchor set in conc rete. -	 -

3.0 EVIDENCE SUBM17TED

Reports of lension, shear and seismic bad tests and
mechanical properties tests: calculations: and quar ry control
manual '

4.0 FINDINGS

•

Z

Q N

I
ii
Q

m

^I

C
m
LE Z

r m¢ U

RPP-24544 REV lc

j
•	 Page  Ohs	 ,	 .F: 	 ER-5608

Ar	 Cross-seetknal area of the sleeve as given in	 4.3 TM anchors we Installed in accordance with the
Table 1 Qn'Anr4 maradaetwds Instructions; and this repot .
Ultimate tensile etrenglh d to sleeve m given In	 4.4 Pdor 'to y brta8etlon. ``pkdatloru and -detslis
.Table 1 (pskMPa) _ 	 _ f	 - , demenA dng eow*Um aBhw Ulk report sh0 be	 +

X4, Installation:	

'x.	
r" 1	 submitted to tine loeel building Official for approval

I" . Design beds we as sal (oche In Section 2.3 d Mk
" report.

 :'Special Inspection Is provided in accordance with
Section 2.5 of We report.

4.7 "Fireteek tive , construction: - Archon ere not
.permitted for use In conjunction with firs-resistive

.	 construction. Exceptions would be: -. .

... a Anchors resist wind or seismic loading or y.

• For other Man wind or "Ismle loading, special
consideration Is given toBre exposure conditions.

` 4.S Fatigue Arid shock 'foa ding: 'Since an ICC-ES
acceptance criteria forevakWtng data to d etermine
the performance o(expeasbn anchors subjected to
fa

ti
gue or shock leading Is unava

il
able at this time,'

the use of these anchors under these conditions Is
beyond the scope of this report

4.9 Cracked concrete or mason ry: Since an ICC-ES
acceptance cr iteria for evaluating the performance
of anchors In crocked concrete or masonry Is	 OC
unavailable at t

hi
s thee, the use of anchors Isli

m ited to Installation In uncracked concrete or	 c
masonry. Cracking occurs when f,> /,due to ser vice
loads or deformation

4.10 Use of the anchors Is limited to dry, Interior
exposure.	 -

4.11 Use of anchors M resisting earthquake or w ind

That the Hilt HDA anchor system described In IRIS re	
loads Is permitted within the scope of this report

Ys	 p^	 Section 42 references adjustments to the applied

	

complies with the 1997 "orm Building Coda» (UBC),	 loads,.
subject to the fol lowing cond

it
ions:

4.12 IDAsellu demuMnganchorsaremanufacturedby

	

0.1 Anchorstas,come ionsandminimumembedmant 	 HIM at their facWtles In Scaan, Liechtenstein. with
	depths an as set fo rth in the tables of this repot	 quality control Inspections by Underwr iters

	

42 Loads applied to the anchors are adjusted In	 Laboratories ko,(AA-637).
accordance with Sect ions 19092 and 1923.2 of the This report Is subject to re-examination In two years.
code Ion strength design and 1612.3 of the UBC for
service design.

TABLE 1-6PECOCATION TABLE

1011 SIZE	 HOA-T)MA-P M10 x 100M Mt2 x 125M M12 x 125150 U16.190140 M16 x 19060
,xe bid for HDA-11 7EC4iDA-0

20 x 120
TEGHDA-B
22x 155

TEG40A-8
22 x 175

TEY41DA-8
30 x 23D

TEY4IDA-0
30 x 250

and bs br HDA-P TEC41DA-0
20 x 120

TEC41DA-0
22 x 125

IEGHDA-B
22 x 125

TEY41DMB
30.190

TEY-HDA-B
30 x 190

' nrg roar TEGHDAST
MM1O

TEGMDA-ST
22 M12

TEC4DAST
22-M12

TEY-MASi
30161 16

TEY4iDA-ST
30-M18

Thickness of owe maleriel. mn'	 mm (n) 150(6) t88(7-1.) 1as(7'/J 285(11YJ 285(11 YJ
Total °Mar kahgm	 mm (n) 150 (5.90) 190 (7.48) 2101&27) 275110.83) 295111.61)
LwOh I.D. code'	 knet 1 L N R S

.;	 Festenftihickness
1DA•T, mn'	 mm (n)
HDA-T. mat.	 mm(n)
HDA-P, mac	 mm (n)

10 (0.39)
20(0.79)
20 (0.79)

10 (039)
30(1.18)
30 ( 1.18)

10 (0.39)
50(1.97)
60 (1.97)

15 (0.59)
40(1.58)
40(l.58)

IS (0.59)
60(2.36)
60 (2.36)

' Nom. eha of dre be	 mm (n.) 20 (0.787) 22 (0.866) 2210.866) 30 (1.181) 30 ( 1.181)
t4:	 kit depth at d rit hob	 mm (sn) 107 (4.21) 134.515.30) 134.5 (530) 203 (7.99) 203 (7.99)
h • Eeed've wise	 "h	 mm (m) 3.94) 12514.92 125 4.92 19017.48) 190 (7.48)

•
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TABLE 2-RDA-P AND HDA-T ANCHOR SPACWG AND EDGE DISTANCE GIADELMS
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i^
ANOM 512E '.'	 -	 '.' 111DAMPINOA-P WO x 10Og0 M12x 125M W2 x 12540 111116  19W4D 11118 x 19060
OV	 naxkd aenrace hole 02)2)1ĤDA-T	

, ^;mm M) 711 ("rJ -	 23 ^1J

-
23^yJ `32 (14J	 ': '-	 32 (t'iJ -'.:.

...HDP..:	 :.^,	 .	 ';rtmM) <'.1z1'^J . :̂ ul'/J	 - :.^t1 1'rJ	 . :._Is CI/.Y Isr1j	 ,.

• ^ MDA-T 
aenetr	

'?mm (h) •1g (O.768) 1 '21(0.827) .. X21 (0.11M _ ':29 (1.162) '-^ 29 (1 11n
. MA-P '	 . ^i mm M) `10(0-3" 4 12(0,472) 12 (0.172) ' ' 16 (0.830 18105:101
• Waslerdwww .•	 . rent (in.) 275 ( 1.08) -315(1.321'. 31811.32) 4.55(1.79) 48.5(1.79)
• Wldb eaoes Bets d to rut	 mm M) 11(0.669) 19 (0.748) -- 19 (0.760) 24 M-45) 24 (0.945)

x. ti81loi9lor01rd	 N- (B.-0J 60 (371 BO (89) '. 60189)	 -' : ..120(88) 120 (ee)
per
 secOPna) area 	 ww? uM19 199 (O.Mq 223(4316) ^ M-MQ ;';u(0.690) 445 (Mai
c eetdbn n e&"	 mm' M'1 5%M.OX4) 779 (0.0175) 779ro 0475) - 2110 (0.1288) 2110(41288)

L

.Ot^v

ploperdes
c ninel rah	 none M9 78.5 (4122) 113(4175) .113(4175) - : 201 (0.312) 201 (0.312
DSion areamm' M9 58 (4090) . 84.3(0.131) 84.3(0.131) . 157 (0243) ' 157 (024.'0

Section modlus	 -	 Irxa' M9 67(0.0011) 117(0.0071) 117 (0.0071) . ..290 (0.0179) 293 (0.0179)
 mi beanng aroa'	 axe' M1 234.1(0.363) 291.6 (4452) 2915 (0.452) 496.9 (0.71% 496.9 (0.770)
a tltinrela brsib suerrgOr	 MPa(pet) 850 11232501 850 (123,250) 850 /1232501 Tao I1O1.5oo) 700 (101500)
irrate ero9e M	 YPe	 i 8ol) 1 11 0.000 800 (1 116.000) 600 118, 800 118,000 800 114000

'Unknurn Wrrrde base nuMrbl IkAness as req*ed b avoid EpfOingdcordeb.
'UVh tbdo rbr MIG b $Dial ardW MngtN L-
'A4:	 0:dwesdtnMneOPMtaemWradbensx rpegenwidUOe a pesaec6m Ltshw.'
M6etdc &A 

bit

	 M 1904 exel be used
sTw%w Bgh &" of 0.e rxlra Is M mqu4ed for pm wSK To"Vftft MW #a&" hug Op udr bad
'Bearing res cdnlonrs to Section 1923.11 of Oe code.	 .

MTIHECOMMENDEDHAMME9DMUSKMSETTWa	 ..	 .
Size	 F AMHDA-P MIax IOW20 M12xl25730 M'2	 5/50x12 ..MIBxll W40	 Mix 190W

+9 spurn brands seftV 7E24. TE25 ash pear TE75 max. hitinineral9 Power
bipact energy	 Jaaes(h-b.) 87.4.7(27.85) 75.9.0(52-48)
under toad 250.500 150.350

GUM)ELINE
TYPE

LOAD CONDITION
(Style)

ClUi1CAL (Inctes) MINMUM (Inches)
M10 M12 M18 M10 M12 M16

SPadrg(S) Tension and hex 30 x/ax. 11.8 1 3.0 x k. 14.76 1 30x k. 22.44 1.0 x hx. 194 1.0x14.4.92 1.0 x rrx. 7.48
Edge (C) Tension br HDA-P

andHA-T WO
shear for HDA-P

I.6xh,.5.91 lsxhx.738 1.Sxhx.1122 O.Sxk-&15 0.8xk-194 O.Bxh, .S98

E Stxmr for HDA-T 20 x A .7.87 2.0 x n 9.81 20 x h .14.95 0.8 x	 .815 0.8 x n .394 0.8 x h. 5.98
raw: 1 a1U1. [S.1 nM

NOIew
1. When using mWWn wn sparing and The bad corrdtbn fa either tensi on a shw. reuse Pre atom" seMce bas by 13%.
2 When using rrrierrxen edge ftt n OW Ore bed cordlbn Is lemon 104 HDA-P and HDA-T a "m la Ora HDA-P, redxv We allowable

service bad by 9%.
a When ua" nwwoen edge distance and die bad co dMonr is shear for the HDA•T• redree to a llow" service bad by 74%.
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ANCHOR SME (mm) EMBEDMENT DEPTH
Ono")	 .: -..

• • •....::	 .....: - F.% 2,500 psi : .; : -...	 " . r .. - :.: WOMAN DEFLECTION
: SpecW hepacdm , bVWbWA Special hepecdm

^	 .^. M10,	 ,.. .:	 .. , ...4.,. ...,	 .^'2840...:.	 .. ..^.. ^,.. 1.320--a, : .:... .......:..0.043
M12. _.b ".3.986 • ..-Q,804 .:0.052
M187b - ...7.155 . +5570 .:.. -: _.0.055

r«xlexn.O.4 aam,tpv. ae9^x lo-Mra,Id.4.45n 	 ^.	 -	 ,

Nohw	 -	 ..
L wergh at vw * aranatens ftwa era f0rarliorbilntated'nehcMd namaFa eip^l0mcreb haWgUleMdlateAUBYnelemrtgressw

elrangalN 0me d Waco« he tale MW
2 Special ic ecwcm

eBi
le itrIess. 4 Wtmaaarce ocu 

da
Seaba1 lh aBel report

S M'rirnrn owlcaele Wless, R 1aME1 DW h WmearcerM1 Table 1.

TABLE 4—HOA MEMO ALLOWABLE SERVICE SNEAK LOAD VALUES
FOR NORMAL.WEIGHT CONCRETE(p0«xle)	 ..

ANCHOR SIZE (mn) EMBEDMENT DEPTH,
(hcMe)

t, a 2,500 Pei	 . MA71MUM DEFLECTION
'.	 (Y1ch)... HDA•P NDMT .:.

1410 4 . 1.630 4,688	 - 0.071
M12 b 2,378 : 5, 113	 - -	 0.071
M16 7S	 - 4,233 0.200 .0.087

F« SG 1 hd1. 25.4 Wm, I PM - &895 x 1O' MPW, I DI . 4.45 N.

Nom
I. Tha OadAalM aheM Wale lcntierl boasare br erx3laainbled'na gameswNyamrcrelehavigBiebWaleOlfimalamarpresslw etrerglh

M me 1me a Wrcnor iala8abal.
2 Spe cial eepeclim is p roVgea in acmdarce wM Section 25 01 0is mporL
S Maiman macrete Bidmess.R aW be in acmNance with Tab

le
 1.

FIGURE I— PRESET'
OwM IY.	 it	 — r d	 ^•'^

FIGURE 2--MM /G148ET

Attachment	 -7
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`..^ DestripeksNM se slks prneNare feeMNDA-P (PmetdK) md IIDA-Tllhwtk '^^K)
s!rkalL	

_	 ,ice
.M1 ^	 4	

}

'^.'.' a Yfsba pop dnTlMampsd blbe mcbse(tabkssmd 5),a kok wslr ddm d

.. •..^ Psbirwk
" ^TDc bolcbobbs ekard ribipmrip. 	 - -

;-.• .. Ter mcbmis plecedbleb*rotbat tins eaeesib a The unnemoftbe ban, Isk.TAm me tMies bel
Witm4b Wembse(tsbiessaM 6)kmr►sdb We gorykmmmtrT wkik hub= send for

_. .The m *4 bd egvWsd Deer den axbrsnd.m Wr Wetmsesw WeeM ofdw eeeirgdnTingls
.

Ge
sod mb► Wegrmsein Wn rkeve.

Pic og m 4:	 ..	 ..
Tine artcbm 'I 	sew W	 -k stsbsady se	 *ming rne-a .D,.k the :eosin
promdmq We skwvw sNft muff as *, rocker and and r We s ense Bae the ssdua t is made in M
wraese. On An seein g bole Wen is a red rig as a One sprite{ set T"smk as sire the Kra clue,

- bow fr dw seeiss rrm&a. bas progssssi If dis rocking is 00A ,A Wa mssme wfan fa We pr -

..
seeing syk and wid, We carectWpw fm the WressA.h mk& eke seeing fwnaJee sMddbe frakW

' sorts	 -

.
ricbgeYS x
klmb"fra cmat sc%4W*c4n is fie se tting smacking m b mcbmmd.To mcbr is IN and

. WevMascnis ewmvkrh psMeced,msoa atkendsesiq sm►irsmtbc ascka bob fs vitLis above
We sop else if We skew.

. Pkbfram 6.

The Part b be fnksed is semrrdby ngNesin We brae•

FMRE S—PDESErF MANCHOR MDA-P(PREPOSMONING)

NDA-T(POSTPOSMONNG)

Attachment:
Calc. No.: 145579-B-CA-004

Rev. No.: 3
Sheet of
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4.3.12Matertaispeciftcations

MO,T/-TF/-PI PF c arbon sled core bed; M10, M12. M16 and M20
meets 0&0 requirements of LSO 898, class 8.8

y
ksl

	

Pa

ow.

92.816401 116

IIDA-T/-TF/-P/ PFMftnstedstceve:M108M12ca4WMlD
European Stallard Ib. 25WADS4

— 1233

HDA-T/7F/ P/-PF cmbon sted sleeve; M16 cordamsn European Standa rd NO.25OMC64 — 101.5

HDA-T/-TF/-P/-PF eabao steel Oceve; a 120 conforms to European Standard No. 25CdOoS4 — 79.8

IfDA-TR/-Hlstalinl= sled cow botM10,M12 and MIS coraanrsbAG316 of 31671 871600) 116

HDA-TI (-PR staraess sled sleeve: Ml0 and M12 conaarna bA57316 or 316 TI — 1233
IM&M-PR stairilm sled sleem M16 curaans to AM 316 a 31671 — 101.5 (1

•

HDA-P -	 HDA-T

r="" tlier end=
plsael Tepd I	 (Traea*sd TIIM

UsUrtos/Addrovats

WES Qntenatianat Code COURT)
ER-5608

COLA Italy of LosAngteles)
Reseadn Report No 25422

European TorlxYW Approval
ETA-991M

Comilonents

titn .--

^^

—

:r
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':`4.3.1 HDA Undercut Anchor
'' AT^arAnd?ori^g systems .. ; -

411 MA
4.3,1.1 Product Description

Procluct Desertion
The tIIi HDA taderaaArchor $eheagAdynleClarital Undercut key"bad tranSier allowsforreduced.,,. 

4112 ktftW 4wileAkris urderM anchor whose erdmul animas Yloa pot ala edge d6tarces and anch or sl	 l gs

4113 led.	 Data	 '.
cardUe bps so as topedam a se6 -undergABlg process . 7hpgMset s/r1e P!^das Messed shear raparlry

- designed 10&%*1* a Attie steel niae.The lie	 -
•^Fuy rengvebk	 .^- 131.1' ade4fm Yetnc6ns system MtAes elOw preset fVA-f7 er Imo-set . .

' 4313 .13"" 14mrWion 0lDA'y) *le arcicrs, shp" Va. setlhg bolt and • :Sherardaed 153 µm tar.) ard 316 SWAM sled ...

. MID NITIMer( 1rilfabumetimbDI52es : M10081. ' far corrosive aMramnds .

._ Ml  Pin Ml  M and M20 (3/41 The HDA is . SDSardtiedriic colt has eg.rlraks t corrosion
`	 / 1

. U	 n •a
avaiade in a sherarolaed and 316 Okiless sled
rersbra fa	 Exhmaor awirmmerac	 she/ *is

resistance to hot tipped WNmdrbg

dkfed11Mgkngftiowmnm*Uevarlaamatedal aW,^OAa
tlar	 to be tasteried ( =pl MIO). UndenaA Andorra 	 tarddad andrans shat be of

an undercut style w
it
h bred bVtm carbides on tie',

product Features 	 .. ernbedded 
end 

tiet Worm the sea-tadercutlag'

• Udercrd sagments Va" cast-hplace ire	 - pra= U tlernd Portion of anchor alai have a .'
pedmronce card iMed espasM stresses mk*w pr**d bexkV area Weal 

to
	 greater Morn	 ._	 ..

•	 Ductile toMength archer for safety rebted, 2.58me58euanadboltaraThebok"Codppn

64 	 fan
to 150898 Cass&85Ddg8t reWYerramta Ardors
dtnasbned and stppAed by HM	 .

•	 Self-uderaM'vg wedges provide an easy. fast
and mw* isda Istkwggt Insneatlon	 Refer to 4.113 and 4.3.1.4.

• Eceber4 Pedormace In aadted comtele geision
ZOreS, earthquake • reskAYg structures)

iCXT/-7F/-P/-PF hut WrftM 
to 

DEN 934, grade 8

H1.4-TFV-PR M mr4ams In DIN 934. grade M-80

I VA TY-TF/-TN'P/-PF/-PR washer caaorms to 67%

ND/MT -P carpaeras are elecuopkaed min. 5 mm ant

IIDA-IF/-PF shcardized cortMents have average 53 mm zinc

Attachment-

Cab. No.:	 145579-B-CA4)04 -

Rev. No.:	 3

Sheet	 _ _ of
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.
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1 ftAdadas arcboa kpkedmor

0 re^capa*j A b0)
need. sed apa - bbamdmre
a4Nmm mdaeui poeene& wd
rat Med pp AISCeeeroe

2 When edge or tpawg Mans
bcm ase lm Awta0ph rem b

3 AN urbob bad okm mpelea 8e
awaw aMassGaeaarl blessb0

.: .Anchor ^^ ^-
,1206 am :-.:..;.:.

.- .-Embedment	 -
Depth, mm OA):-..

%2 7.4kPa(2.5001asq
TwdMkNtq

Sbd C+pw
TensiA ken 154

M10 100(4)	 ..i .: 15A M468	 ... 20.T(4,660)

0112	 '. t .	125 (S) .... 213 (5,235) 29.8 A7101

M18	 .-"'.:: i	 .... ,190 O.H 409 (9.187) 53 (11,9301

M20	 ': . 251)(111)	 - 68 052M 81(18.645)

•

Wk HDA-R and HDA-F Undercut Anchor Ultimate Te nsion Loads.
In Normal Welot Concrele3

. Anchor	 -
SIMmm

Nlmaek CaDK8Jf1
Embedment

Depth. mm On.)
%z 17.4MPa(2.500ps4

TMS$Ol, kNM

M10 100(4) 47(10,560)

M12 `."	 125(5)	 - 71(15,954)

M16 190(7.5) 127(28.821)

AM 250 (9.8	 - 204 (45.744)

RDA. HDA-R and HDA-F Und ercut Anchor AHowabW Shear loads In Concrete

Anchor
SfMMM

Embedment
Depth, Mai k)

4 a 17A MPa (2.500 psi)
Shear kN

11M-P HDA-T

810 100(4) Its (1,027) 28.7 (8.453)

812 t25 (5) 122 (1.750) 112 (7.405)

M16.	 - 190 (7.8 -" 2318240) 526 (11.8351

M20 250(92) 332(7.460) 81.O 11821%

HDA. HIM-R and HDA-F Undercu t Anchor Ultimate Shear Loads In Concretel

Andw
S)ze.mm

Embedment
Depth. mm 00

1, 217.4 MPa (2.500 Pa)
Shear kN

HDA-P	 HDA-T

1410 100(4) 29 (6,518 96 (21A q

M12 125 15) 42 (9.51 01 130 (29,1401

M16 190(7.5) 75(16,9301 221(49.7001

820 250 (9.8) 120A (17.100) 31100.400)

t M URAW bad epmnt the
aseoge Oka dMined In W*V

2 Mwadebadsdcbmnedbr5%
kass?e. See SMOM 224

Attachment:

Calc. No.:	 145579.6-CA-004
Rev. No.:	 3
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HDA Undercut Anchor

1 The ado Is 
traded In to doh SD 8al to tarp

sks on ft' 	 d to died kde.Do are memo
tepbWap WthP	 to treaded Md.
lltg teasdibd seekgbd ad FRi Hamby Ore
Peter to stem Table and Or" M k taseWg
Ind is VAW"to archa ad and engages tb
FWAS In M sI  k a" 10  ass Me Wed-
ledlfl6hemmadi$

i-

6. manse the pair load pde fd fro. Save the
Pan b be Mamadb7ar9 ne adW W" wdo
or and M provided. Alas' a Woe rd to weed Me

I

able

Troe a rd neped b as ee rich.

?.^^ ^	 ;xfecia^karMtlxvigS^tfina ^ , 	 '	 .

C	 "IA Installation bu truetions

Setlblg Operation MMM-P/-PR/-PF (Pre.Set Swe)

"1: nriimeti DemAlreddrpM tekgaapdi si	 z Dmhde,A mrpremdirashaidirpurp
Wdd bteadKfTlffb 3PW&atmbbb	 00 to dreeg debris It enamted
ar ft I H WIMM rkvmawat IDdrM

... seat natsadlderma drmdmehlbde
:". through to mba. Denote h mcae tae and il-

-'•'	 .: kh drinp to bob wits to slop d biL	 .

^a

L The abler Is ad orb ee Werner	 .
:dra b harmer ea made wag

- . ^ /e selangpioaMe.Ddh aakg ad
^. kegetl aarg'detaefattdbte slate

by to mer" IDK ea sing to deere b skde
om he aritad add Berohukdl Win
bmig to adrm in to haze nmerlat on to

-of she
aprabrt Ydala tepn?ess

8. Ttb meek on the ardv ed
. pwides to bdap IW —W

setiy T1b abler k MI ad tla udertul
k ked tinned Wen to ed rnaMg m
anf	

d
or Oa k rfsele akoia db k0 edx a ne

*em I anew seRegkne Muds IOacmM W
M10 a M12 aahrs a 60 snores b MI6 r 1140
Plelm .rrmre to adv 0M HDA eemprel bbl
Ye6ufwa3 kWal a net HDA- d

Selling Operation HDA-T/-TR/-TF (Through-Set St*)

1. DIN able Is 	 moied&PM snag a slop di bt	 2. 
Clean 

hue WM mnpessed ak or ahnd	 pap 3. Theada Is ran	 to hok, m dal Or one
selded Is the aunt Older b wecacaem tam	 sedl Mn drTnit debris Is emretea As m to IrMw el to deed hue Do not rarure
and ordering Hal l "Ea Is acaaeaed. tee aHe IN Plastic cap Wich Power the dwarfed rod
meKb IOU	 kka	 dmardmebtsort	 _ Us>tg tlaastipiad mdag Boland lavl Hans ark
emeae h Mart lle	 de mvdemeadlkr twr b rpm VA and Ordering He 1, we se"
kh sling m ham can tb dap rk bt lad is prided ever One 	 Me and agages the

Vannes In to sane 8'etri0al to=to Wei-
fed IYD hammadres. 

T.

I. The a MV Is sd Mh the hmre S. The meek on the archa bd 8. 8mbretepb*&wsedpdaWtap. Smmtb
eve b b nre er de npde onrinâ Be poides to Idea" W entree s pad b be barred by MV to mti sprig aaar

tagseprdadr0.bldiagadbead seft The aeM Is sdandMe W	 &a MAproAp*abolaneebegad te
seat/ me karnlareO to se sleeve at the rdapabkAybmd Wenhred
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1 INTRODUCTION

1.1 PURPOSE

The purpose of this calculation Is to veri fy adequate strepgth of a
ll 

members in the
ICVTM Box and id design for the projected load cDr dU&m they will be subje cted to.
The plate thickness and stiffeners are examined for s tress at two temperatures,
662•F (3WC) and 11058•F (57D 4 This calculation provides a breakdown for each
section of the box (i.e. Rd. sides, ends and f loor) and, 9 areas of concern are
ident

if
ied, will specify mo dif ica tions to the material selection and spa cing of

structural members for the current design of the ICV I 	Box. An analysis of the
Wng points Is completed and the results stated

1.2 SCOPE e
a^• The scope of this calculation Is the analysis of the stru ctural integrity of the ICVTM

Box for the following conditions: c

•	 Lifting of the box when imply.
• •	 Box at melt station (analysed at two ICVr'! box surface temperatures}

•	 Lilting of the box when filled with material (refractory, glass, topoff soil,
and void space filler}

Additional discussion of each condi tion Is provided In the body of the calculation

uc „

E z°and in the Results aril Conclusions section. Z
o

LL^Q U Q N
2 BASIS

2.1 DESIGN INPUTS

1. Box surface temperatures = 662'F (35(rC) and 1D58•F (570'C).	 Box surface
temperature or 662+F Is an anticipated upper va lu

e during normal operating
conditions.	 A Maher value of 1058'F represents DoW at which the vield

bounds the resu
lt

s from ca lculation 145579-6CA-001, which determined the
box skin temperature for normal and upset condi

ti

ons.

2. Specific Gravity of glass = 2.65. Specific gravity of top-off so
il

 = IA3. From F-
145579-00•A-0021, Rev. 0.1, Full DM Feed Preparation 8 Moll Process Flow
Diagram.

1 n+WWWM4W, b+MWY1MaNW,bnM l+r+ W 	 +n1 We	 Iw+Mw	 MM	 W,v
1	 MI6:	 b[CMl LL:^	 n	 OAIF:

^ 2^ DL	 ^^^ti /-ZV-eG

.	 M	 NMM,r1Y+a90•SYMtC'+Mfo.WMCW11pCVWArY,IrHw MTAi1WGWIl. 	 a,7,•,rw. cur- r
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8

N
At

Q

st

U.	 .
Determine Heat effects on the kV Box Steel

Analysis of JCV Box wi ll be at two tenperatures as indicated bebw.

Tl P 662.E

T2 7. 3058.E

As listed In AucaSD page 6.3, Ore yield st rength of ra
ti
o& for carbon steel at elevated temperatu res are

opproxkWey 0.77 a1800'F, 0.63 at 1DD0'F and 0.37 et 1200'F. Use straight 6s Interpolation to determine the
yield strength ra

ti
o of steel for the temperatures as bled above. Us ing the OW str

ength ratio of 1 .0 at an assumed
emblem temperature of 80' 17. resu

lt
s In the following yield strength reductions:

•

662.17- 60.17
61> 	 +1.0	 S1- 0.81 Reduction or yield s

trength as a result of the
8	 --60•f bwer bounding temperature.
0.77-1.0

82} 
2058•F -1000'17 

+0.630	 I	 82-0-55	 I a resat of theReduction 4 yield strength
 

enatu
 basmdtrg temperature.

e.

0.37-0.63

The moduls of elasticity will change win temperature but AISC does riot give any guidance on the values to use at
elevated temperatures. Use ASAfE BSPV Code IID, to determine the values at the temperatures as Isted above.
The modulus of elasticity of Carbon steel is 20.5x10 & at 600'F, 25.5x106 at 700'17, 20.4x106 at to00•F, and
18.0x106 st 1100'F. Use straight Ine Interpolation to determine the value.

E ^- 29000psi Modulus of Elasticity at ambient temperatures,
AISCASD, page 6.30.

El >•	
662.17-600.17	

+25600kai E1-2553eksi ModsModulus Of etastidty of steel at 662'17, ASME
7 wr-600•r B3PV Code Section 0 Part D Subpart 2, see

25500kai-25600ksi Attachment 2, page 2.

1058.17- 3000•F
E2 }	

+ 20400ksi E2 - 19008 ksi Modulus of elasticity of steel at 1058'17, ASME
1300'17-3000.17 B&PV Code Section It Part D Subpart 2, see

1eo6ak3 l-2040oksi Attachment 2, page 2.

A
tt

achment:	 E

Catc. No.:	 145579-13-CA•004

Rev. No.:	 3

Sheet	 2 of 3
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EFFECT OF HEAT ON STRUCTURAL STEEL
}.

Short-time ekvated-teatperature tensile tests on the coaslroctioml steeb permitted
"...-by the AM Specification indicate that the ratios of the elevated.t xafterature yield

and tensile strengths to their respective room-temperature strength values are tea-
sonably sim ilar at any particular temperature for the various steels in the 300 to 700'
F. range, except for va riations due to strain aging. (The tensile strength rata may in-
Gem to a value greater than 00'unity in the 300 to 7 F. range when strain aging oc-
cuts.) Above this range, the ratio of elevated-temperature to room-temperatum
strength dcaeasa as the temperature increases..:

,the composition of the week is usually 
su

ch that the carbon steels exhibit strain
aging with attendant reduced notch toughness.7Le high-strength low-alloy and beat.

ua.uanaaa auaa. caw cuuvaa	 -	 ua5.

As txampka of the deceased ratio levels obtained at e
le

vated temperature, the
strength ratios for carbon and high-strength low-alloy steel are approximately
at 8110' F., 0.63 at 1000' F., and 0.37 at 120(1 F. 	 -

FIRE-RESISTANT C0f45TRUCTION

ASTM Specification Et 19, Standard Methods of Fire Tests of Building Construction
and Materials, outlines the procedures of fire testing of structural elements Gated
hiside a building and exposed to fire within the compartment or room in which they
are loated.9M temperature criterion used requires that the avenge of the temper.
ature readings not exceed 11100° F. forcolumns and 1100' F. for beams. An individual
temperature Fading may not exceed 1100' F. for columns and 2200' F. for beams.

Steel buildings whose condition of exterior exposure and whose combustible

contents under fire hazards will not produce a steel tempe rature greater than the
foregoing criteria may therefore be considered fire-resistive without the provision of
insulating protection forth* steel.

A fire exposure of severity and duration sufficient to false the temperature of
the steel much above the fire test criteria temperature will seriously impair its ab

il
ity

to sustain bads at the unit stre sses or plasticity bad factors permitted by the AISC
Specification. In such eases, the members upon which the stability of the structure
depends should be insulated by fire-resistive materia ls or const

ru
ction capable of

holding the average temperature of the steel to not more than that spe
cifi

ed for the
foe lest standard.

Under the E119 specification, each tined assembly is subjected to a standard
fire of controlled extent and seve rity. T1e fire resistance ra ting is expressed as the
tune, in hours, that the assembly is able to withstand the lire exposure before the fi rst
critical point in its behavior is reached. These tests indica te . the minimum period of
time during which structural members, such as columns and beams, are capable of

-. ma intaining their strength and rigidity when subjected to the standard fire. They also
establish the minimum period of time during which floors , roofs, walls or partitions
w

il
l prevent fire spread by protecting against the passage of flame, hot Casa and ex-

o tsive heat.
Tables of fire resistance ratings for various insulating materials and otmstrrc-

liens applied to structural elements are published in the AISI book lets Fire Resistant
Peel Frame Construction, D esigning Fire Protection for Steel Columns and Designing

*
Fire Protection for Steel nurses. Ratings may also be found in publications of the

. 'Uoderwriters' Laboratorles. Inc.
Ana'uGV1 bamvrx a Srrrr Cowraurnon

P^
Anativnent:	 ^----^-

Cale. No.:	
tA5579 B CA 004

Rev. No.:	 3

Sheet	
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•	 Attachment 9

Estimated Displacement of ICVTm Box Due to
Seismic Event
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'Meyer, Paid (Trail).

The quick version: with Importance factor 1.0, the seismic forces cannot overcome friction and Initiate sliding
using The equatiom from HEDL

• With an Importance factor of 1.5 applied to the seismic loads, both vertically and horizontally, the box may
overcome friction and would move 0.018 Inches (-0.5 mm) after 10 earthquake cycles. This Is acceptable.
-Paul

From: Mackey, Thomas C [maiIto.Thomas_C_Kxkey@RLgov1
Sent: February 27, 2006 3:12 PM
To: Meyer, Paul (Trail)
Cc: Shuford, David H (Dave); Stephens, John D (Trall); Mackey, Thomas r4 Leonard, 

Michael 
W

Subject: RE. Cakulation of possible ICV Box movement

Paul

We have been having similar discussions here regarding PGA and ZPA. The old FFTF spectra Is a little higher
than our new site specific response spectra. The following Is extracted . from another discussion on this subject:

PGA, and ZPA am essentially synonymous terms. The peaks of the horizontal and vertical design spectra provided by
Gematrix are 0.588g and 0346g.

These are not peak ground accelerations, but rather peak spectral accelerations. The PONs (ZPA!s) or the horizontal and
vertical surface design spectra for the tank farms as provided by Geornauix am 0215g. and 0.157g, Yesrmclively.

Tom	 Atlachmerd:	 9
Catc. No.:	 145579-B-CA-004
Rev. No.:	 3
Sheet	 12- of 14-

•
03/02/2006
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•	 From: Meyer, Paul (!roll) [maAto pauLmeyer@an>euwm]
Sent Monday, February 27, 2006 2:56 PM
To: Mackey, Thomas C .
CcShuford, David H (Dave); Stephens, John D (Trail)
Subject Qkulation of possible IN Boni movement

Thanks.

Ouestion: to do the calculation, PA need the *H* and 'V'values for our site. On page 5 of the fax (page 18 of the
talc) 

it 
says the 'H and V values are taken from HWS-1386 response curves for a given khcatin.'; Are Base

response curves available for the 200W site? I did a search for HWS-1386 on the Internet and the single hit was
a document called'FFTF Final Safety Analysis Report (WHG-TI-75002)' for the Fast Flux Text
Facility. According to that document, the full title of HWS-1386 is'FFTF Structure Response Curves for Seismic
Design of FFTF Equipment.' Report 75002 references HWS-1386, but does not give any of the response values.

Are the tables 12 and 3 mentioned on page 5 (page 18 of the calculation) available? It looks as C they have
typical values of sliding distance for various locations and various coe8fdents of friction, perhaps a result Is
already available.

I assume the value of Y' Is the fundamental frequency in Hz (which Is the reciprocal of the period) The curbs
have a period'!' (per UBC) of 0.03 seconds. or a natural frequency of -33 Hz.: Deflnftey rigid!

My assumption is that *H' probably corresponds to Ca In Cho UBC-97.
C 1 take H as 0.248 and V as 50% of H or 0.128, then:
Calculation (4) suggests sliding cannot occur. 0.33 > (024)/(1-0.12) . 0.33>027
Assuming it does occur anyway,
If H= 024g, V= 0.12g. *mu* = 0.33 and f - 33 Hz and g- 32 C1secA2 or 364 hVsecA2
then the movement of the box would bo

•	 Xm = 0.000885 inches per cycle, or 0.009 Inches in 10 cycles. This Is acceptable. .

IF Cho assumed values of H and V are both increased by an Importance factor of 1.5, then srhding vill occur as
the value of H/(1 -V) = 1.5(024y(1-(1.5'0.12)) - 0.5 which Is greater than he coefficient of friction. In that
scenario, the total movement would be 0.0024 tithes per cycle, or 0.024 Inches (0.6 mm) In 10 cycles.
Still acceptable.

This Is subject to confirmation of the correct values to use for H and V.

-Paul

From: Mackey, Thomas C (mafito:Thomas_C-Mackey @RL.gov]
Sent: February 27, 20D6 8:05 AM
To: Meyer, Paul (Trail)
Cc: Shuford, David H (Dave); Mackey, Thomas C
Subject: FW: Attached is the file you requested.

Paul

Here is the PDF.

Tom

From: Lenz, Kelli S
Sent: Monday, February 27, 2006 8:05 AM
To: Mackey, Thomas C

	

	 pAttachment:
Subject: Attached Is the file you requested. 

	 7

Calk. No.:	 145579-B-CA-004

•	 Rev.	 3
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03/01/2006

AG-112



Ll

RPP-24544 REV 1 c

L!o£^d
	

3 '^2i t 40 b':J' a' 6LSSh 6# ^o9el^i¢o
	

£ luawLPLIHV

t

Laic_ roo.:	 145579-B-CA-004
Rev. No.:	 3
Sheet	 f 4	 of

A6-113



RPP-24544 REV 1 c

. Calculation Reviewed: 14'JrJ^'q^B' Ci{-OU4	 •- !^y^/^.

Scope of Review: 4 OoA4 t zTC aoG'.

(e.&, document section or portion of calculation)	 -

Engineer/Analyst:S7;)a -E`^E1L_	 Date: 2004 .M,Ib 22

Organizations] Mgr.	 iK_	 611.	 Date-WO&-. iA4.•L2

This document consists 01711— pages and the following attachments (if applicable}. 	 .

—4 7TACH'"eW S	 As 41S7ao OrJ C41-c-1441r/aN

Yes No NA*
• [ ]	 [ ]	 1. Analytical and technical approaches and results are reasonable and appropriate.

[ ]	 [ ]	 2. Necessary assumptions are reasonable, explicitly stated, and suppo rted. ', '
[) (J	 (d	 3. Ensure calculations that use software include a paper p rintout, microfiche, CD

ROM, or other etecuonic file of the input data and iden
ti

fica
ti

on to the computer
codes and versions used, or provide alternate documentation to uniquely and clearly
identify the exa ct coding and exertion process, Ala $oF7 's,A4/t, ,2

]
}(]

[ ]	 [)	 4.
[ ]	 [ ]	 5.

Input data were checked for consistency with original source informa tion'
For both qualitative and quantitative data, uncertain ties are recognized and
discussed.

O	 [ ]	 6. Mathematical de rivations were checked including dimensional consistency of
results:

(]	 [ ]	 7. Calculat ions are sufficiently detailed such that a technically qualified pe rson can
understand the analysis without requi ring outside informa tion.

[ j [ ]	 N	 8. Software veri fication and valida tion are addressed adequately. 'I.f a SoiT+3Ate.
(J	 (]	 9. Limits/criteria/guidelines applied to the analysis results are appropriate and

referenced. Limits/eriteria/guidclines were checked against references.
[ l	 [ j	 10. Conclusions are consistent with analytical results and applicable limits.
()	 (]	 11. Results and conclusions address all points in the purpo se.
(]	 (J	 1 L Referenced documents are retrievable or otherwise available..
I ]	 11	 13. T'he version or revision of each reference is cited.
[ ]	 [ ] K. The document was prepared in accordance with Attachm ent A, "Calculation Format

and Preparation Instruc tions."
[ ]	 ()	 15. All checker commen ts have been dispositioned and 0te design media matchV the

calculations.

' `

'rtJ,ti1/9M0^ W 
Checker (Printed Name an 	 ignsture)	 Date

• If No or NA is chosen, an explanation must be provided on or a ttached to this form.

40

A6-114



RPP-24544 REV lc

Subcontractor Calculation Review Checklist

Page 161' 1

Subject: 1CVr" Box Support Curbs Type 'C' and 'D' and 'E'

The subject document has been reviewed by the unde rsigned.
The checker reviewed and verified the following items as applicable.

Documents Reviewed: 145579- 13-CA-004, Rev.3

Analysis Performed By: AMEC

• Design Input
• Basic Assumptions
• Approach/Design Methodology
• Consistency with item or document suppo rted by the calculation
• Conclusion/Results Interpretation
• Impact on existing requirements

•	 I n ^ t
Checker (printed name, signatu re, and date): M. W. Leonard A%a t. _1 	 1 3 D (,

Organizational Manager (printed name, signatu re and dale): D. H. 	 J oG

C1.J;(! -.m m 9.N e.4 it s 1.4e j Lo.a. %1W C.SC Sal.c_ Q e Cw6S i s.

a ^^lty loads) I lCVT {aye {r.MSf.rler ^, ^ j:.,' na e ..r11 CiA. tLic fL1 4L-s

i5 'Lt C-9- 6ttxaSt a fA f. a:snce e." e:tLr 6e an iL 4 r..srw4rr rr

0114 alp„ 14c dht iS ih -Nt .11 I+ a.t^. 
1	 1	 r

CSee a-n.."I -f ,^ T M.clet^ . in. M. Lea .m.rd , y /3 /p(, fk) : Tnda f S p:Stussim of

CAe,LU % ,-, 
1N5579- 8 -CA-003 1 Rev-31

0

A6-115



•

RPP-24544 REV ]c

This page intentionally left blank.

•

0
A6-116



145579-D-CA-001



1]

RPP-24544 REV I 

CALCULATION SHEET
	

amec

0
CALL. No.:	 145579•D-CAA01	 REV:	 DATE: March 22, 2006

CALC. TITLE: Area 35 —Transient Heat Transfer Calculations of ICVTm Box

PROJECTNO.: 145579	 PROJECTTITLE: Final DBVS Design

Design Verification Required: 	 q Yes	 ® No

Calculation Type: 	 q Scoping q Preliminary ® Final

Superseded by Calculation No.: 	 q Voided

ORIGINAL AND REVISED CALCULATIONSIANALYSIS APPROVAL
REV. ORIGINATOR: DATE: CHECKED: I	 DATE: APPROVED DATE

0 Victor Lourenco 09-Mar-05 Tam W ilson 09-Mar-0 5 Frank Sweet. P. E 9 11 Mar-05

1 Ja-Kael Luey 22•Dec 05 Kurt McCracken 22•Dea05 Kurt McCracken 22-Dec-05

2 Ja-Kael Luey ob Kurt McCracke ,3 16e

V
AFFECTED DOCUMENTS

DOCUMENTNUMBER: TITLE:
REV.
NO.:

DISC. LEAD
INITIALS

RECORD OF REVISION
REV.
NO. REASON FOR REVISION:

7 Evaluate ICVT "Box Design for Various Heat Transfer Boundary Conditions

2 ICV Box drawings updated. DBVS ICV Box Thermal Analysis Updated.

ATTACHMENTS

DOCUMENTNUMBERIID: TITLE:
TOTAL
PAGES

Attachment 1 Calculation 0509206.01-M-001: DBVS ICV Box Thermal Analysis 98

Attachment 2 Bulk Vitrification Design Drawings 8

TOTAL PAGE COUNT 112

A6-117



RPP-24544 REV lc

CALCULATION SHEET
	 amec'9

CALL. NO.:	 145579-D-CA-001	 REV:	 2^ DATE: March 22, 2006

CALL. TITLE: Area 35 —Transient Heat Transfer Cal cu la tions of ICVTm Box

PROJECT NO.: 145579
	

PROJECTTrrLE: Final DBVS Design

INTRODUCTION

Full-scale tes
ti
ng with non-radioac tive simulant in a prototypical ICV TM Box has led to

evolution of the design for the refracto ry and insula
ti
ng layers of the ICV TM Box. Heat

transfer calculations modeling multiple configuration options were performed to guide
the design evolu

ti
on (see References 1 and 2). The resultant ICV TM Box refractory

and sand configuration (see F-145579-35-D-0004,-0016, and -0017, attached) has
been successfully tested at full-scale with non-radioactive simulant. Prelimina ry test
results from Test 38A-1 correlate well with the heat transfer calculations documented
In References 1 and 2.

This calculation utilizes the heat transfer model developed and used in Referen ces 1
& 2 and applies it to postulated conditions at the DBVS, as depicted in the attached
drawings (see F-145579-00-D-0041, -00-B-0020 and -00-B-0025).

•	 1.1	 PURPOSE

The purpose of this calculation is to bound the ICV TM Box skin temperature by
approximating worst case conditions seen in the DBVS. This calculation also ve rifies
that, in the event molten glass leaks from the 60PC castable refractory in the ICV TM

Box, leaking glass will not contact the steel ICV TM Box skin and appropriately Ofreezem
in the sand. The conditions modelled herein represent deviations from those expected
during normal operating conditions at DBVS.

	

1.2	 SCOPE

This calcula
ti
on determines the ICV Box temperature profile from the inside refracto ry

layer to the outer box skin for va rying cri
ti
cal melt parameters and conditions external

to the box (e.g., melt temperature, air temperature external to the box, properties of
insulating sand, and external convection coefficient) using the heat transfer model
developed in References 1 & 2. ICV box bo ttom and sidewall skin temperatures and
the loca tion of the isotherm at which leaking glass will `freeze' In the sand is reported
for postulated condi tions of glass leaks' from the 60PC castable refractory. These
cases are compared to the baseline case where no glass leaks from the castable
refractory. The external environment used in the calculations for the DBVS ICV Box is
based on bounding worst estimates of conditions in the DBVS melt area. The ICV
Box lid temperature and heat transfer from the ICV box through the melt area
supports, or curbs, (see drawing F-145579-00-B-0025) to the melt area concrete are
treated in separate calculations.

11
I Sl'%^f^ I	 3^1T^OL	 1 31C1 C-.SP^-- 	 I-_ ....

3/oG	 I
Page 2 or 6
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2	 BASIS

2.1	 DESIGN INPUTS

1. Configurations modelled (based on design drawings F-145579-35-D-0004 and
-0016, see Attachment 2).

a. Side wall: 6" 60 13C tastable refractory, 6" Sand, box skin

b. Bottom: 6"60 PC castable refractory, 8" Sand and 8" Refractory Brick (same
layer in alternating columns on bottom), box skin, 6"x 6" HSS member. [Note
that the HSS is not modelled in Attachment 91, which is conservative for heat
transfer away from the box su rface.]

c. Tube steel vertical stiffeners and box bottom stiffeners are not included in the
analysis. References 1 and 2 show that worst case box skin temperatures are
calculated when the tube steel exoskeleton is not included in the model.

•	 d. Shield walls around the melt area (see Drawing F-145579-00-8-0020). Melt
area concrete slab (see Drawing F-145579-00-D -0041). These are included in
the model as su rfaces that can radiate back to the ICV box and also form, with
the steel support structure shown on Drawing F-145579-00-D-0041, a confined
area that limits natural convection.

2. Heat transfer model input specifics are discussed in Attachment 1.

2.2	 ASSUMPTIONS

Glass prope rties used in this analysis are for Low Activi ty Waste glass simulants
developed for Hanford Tank Waste and are believed to be representative of the
properties for the DBVS glass product. As data for the DBVS glass product become
available, the properties can be compared to those used in this analysis to determine
if the analysis is bounding.

The concrete su rface temperature used in the analysis is an estimated worst case and
not based on the results from a separate analysis. This analysis uses the same
concrete surface temperature for the concrete slab and the shield walls. The impact
from this assumption is a condition external to the ICV box that is estimated to be
more insulating than condi

ti
ons expected at the DBVS Site for the given design.

•

Page 3 of 6
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3	 CRITERIA

1. The 'freeze point isotherm (defined in this analysis as 826°C) does not contact
the box skin.

4	 REFERENCES

Calcula
ti

on No. 0513206.01-M-001 AMEC BulkVit 1D Thermal Analysis of the
ICVTM Box Refractory Liner. ARES Corporation. 2005.

2. Calcula
ti

on No. 0513206.01-M-002 AMEC BulkVit 2D Thermal Analysis of the
ICVTM Box Refractory Liner and `Leaking Glass' Con

fi

guration. AIRES Corporation.
2005.

(•^^5I31tIlL^7^^

•
	

Calculation methods are discussed in A ttachment 1.

6	 RESULTS AND CONCLUSIONS

Table 5-1 from Attachment 1, Results for the ICV Box Sidewall Heat Transfer
Simulations, is reprodu ced below. As shown in the table, the criteria for the freeze
point isotherm is not exceeded for any of the cases run (the Xeze represents the
distance of the freeze point isotherm from the box skin). The nominal operating cases
without leaking glass are shown as Case 3.1 (60PC castable refracto ry with 110PC
castable refracto ry backing) and Case 3.2(60PC castable refracto ry with sand
backing); both of which show skin temperatures more than 250°C below the calculated
worst case (Case 3.3.4) skin temperature in the leaking glass scena rio.

As shown in Table 5-1, the melt temperature and the box convectivelradiated heat
transfer coefficient are va ri

ed to determine the sensitivity of leaking glass pene tration
and box skin temperatu re to these parameters. The results Indicate (see Case 3.3.4)
that if glass leaks and the model's side wall heat transfer coefficient is high by a factor
of 2 for the DBVS box sidewall configuration and the nominal melt temperature is
exceeded by 400°C (— 30%) in extreme environmental condi

ti

ons for DBVS, the
leaking glass does not contact the box skin. These results can also be used to bound
the conditions for DBVS opera

ti

on.
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Table 5-1. Results for the ICV TM Box Sidewall Heat Transfer Simulations

Case', Tmelt [°C] T. ['C]

Heat Transfer
Coefficient
Multiplier

"Leaking Glass"
Condition Xeze`

3.1 (1) 1300 100 1x No 5'/." 281

3.21 No 33/4" 232

3.3.1 Yes 2%." 286

3.3.2 1500 1'/4" 342

3.3.3 1700 %s" 421

3.3.4 Yzx '/: 557

3.3.5 " " 2x " VOW 313

Notes (1) Sidewall model through 110C ve rtical castable refracto ry rib backing
(2) Sidewall model through sand backing

Table 5-2 from Attachment 1, Results for the ICV Box Bottom Heat Transfer
Simulations, is reproduced below. The results for the box bo ttom analysis also show
that the crite rion for the freeze point isotherm is not exceeded for any of the cases run.
The nominal operating case without leaking glass is shown as Case 4.1 (60PC
castable refractory with 11OPC castable refracto ry and sand "backing"). As with the
sidewall analysis, the nominal case skin temperature was more than 250"C below the
calculated worst case (Case 4.2.4) skin temperature in the leaking glass scenario.

As shown in Table 5-2, the melt temperature and the box convectivetradiated heat
transfer coefficient are va ried to determine the sensitivity of leaking glass penetration
and box skin temperature to these parameters. The results indicate (see Case 4.2.4)
that if glass leaks and the model's box bo ttom heat transfer coefficient is high by a
factor of 2 for the DBVS box bottom configuration and the nominal melt temperature is
exceeded by 400"C (— 30%) in extreme environmental conditions for DBVS, the
leaking glass freezes more than V from the box bo

tt
om skin. These results can also

be used to bound the conditions for DBVS opera
ti
on.
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Table 5-2. Results for the ICVTm Box Bottom Heat Transfer Simulations

Heat Transfer, "Leaking Glass'

Case' T^ft [*C] T [-Cl :,CondiCondition
X820

Multiplier,

4.1 1300 100 Ix No 5%0 252'—

4.2.1 Yes 37a* 254

4.2.2 1500 2%" 34

1700 1 Ye" 391
N Y2-x 1'/s" 517

2x 1%N 299

•

•
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DBVS ICV Box Thermal Analysis: 0509206.01-M-001 Revision 1
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1.0	 INTRODUCTION

A series of computational simulations was performed previously to determine the thermal response of a number
of candidate designs for the refractory liner system used in Flom Rapids Test Site (FIRTS) In-Container
Vitrification (ICVTM') BulkVit containers. The results of those simulations are presented in references I & 2.
The simulations performed in this calculation build upon the results and methodologies developed in references
1 & 2 for the purpose of assessing the maximum box surface temperature for the Demonstration BulkVit
System (DBVS) ICVTM containers. The maximum box skin temperatures predicted in the calculations
presented herein will be factored into the thermal stress considerations of the ICV TM box structural design. In
addition, the refractory liner materials must be designed and configured to "stop" any glass that may leak
through seams, cracks, or other openings developed in the tastable refractory materials during processing from
contacting the steel surfaces of the ICV TM box. The calculations presented herein are intended to demonstrate
that these design constraints will not be violated under a number of normal and off-normal operation scenarios.
The configurations, material choices, and other parameters used in these models were guided by the results

obtained from the spectrum of cases considered in the previous calculations (ref. 1 & 2) performed for a similar
assessment of the HRTS ICV TM+ box design.

While the ICVTM box refractory liner system employed at the DBVS is the same as was developed for the
ARTS ICVTM box design, there are differences in the box surroundings that require additional analysis to
determine the adequacy of the design for the DBVS application. In particular, at the FIRTS, vertical sidewalls
of the ICVTM boxes were exposed to ambient air conditions. Because the materials being processed at the
DBVS will contain radioactive constituents, the ICV TM boxes will be surrounded by concrete shielding walls on
two sides. As a consequence, the heat losses off the DBVS ICV TM box sidewalls will be somewhat restricted by
the reflection of radiant heat energy back to the box. Figure 1-1 provides an illustration of the ICVTM box
supporting arrangement as deployed at the FIRTS. The configuration to be deployed at the DBVS will be
similar, however. The drawing provided in reference 3 provides plan, elevation, and section views of the
proposed DBVS ICV TM container and its associated support system. The concrete ecology blocks utilized for
the FIRTS arrangement (illustrated beneath the ICVTM box in Figure 1-1) will be replaced with a steel I-beam
rail arrangement.	 The box and support rail assembly will be surrounded on two sides by concrete shielding
walls. The drawing identified in reference 14 provides plan and detailed views of the ICV TM box and shield
wall arrangement.

In addition, one of the initial BulkVit tests performed at the HRTS experienced some leaking glass that
propagated through gaps developed in the castable tastable refractory liner materials present in the box. This
glass eroded the sand material between the outboard face of the castable refractory and the steel ICV TM box,
forming slabs of essentially pure glass on the outboard face of the castable. Descriptions and illustrations
depicting these results are provided in reference 4. The presence of this glass and its direct communication with
the glass batch being processed tends to elevate the temperature of the steel ICV TM box surfaces. The glass will
propagate through the sand liner material until the thermal energy conducted to it from the batch melt body is
balanced by losses off the surfaces of the leaking glass. Work performed by Pacific Northwest National
Laboratory (PNNL) has determined that the glass will propagate until its surface reaches a temperature of
826°C (ref. 5). A number of the simulations presented herein are intended to assess the extent of propagation of
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this leaking glass in the vicinity of the 1CVT111 box vertical and bo ttom walls of the castable refractory liner

materials during these off-normal conditions.

asa^^1.'°T

r J
Y;.

Figure 1-1. HRTS ICVT" Box and Support System.

The simulations are grouped into two categories in this calculation — those associated with heat loss and glass
propagation through the ICV ,rm box vertical side walls, and those associated with heat loss and glass
propagation through the ICV Tm box bottom wall. Results for the sidewall simulations are presented in Section
3.0. Results for the ICVTIN box bottom wall simulations are presented in Section 4.0. Finally, a summa ry of the
findings and some conclusions are presented in Section 5.0.

2.0	 ANSYS' MODEL DEVELOPMENT AND ANALYSIS METHODOLOGY

A finite element model (FEM) incorporating all significant elements of the DBVS ICV T"' Box Sidewall and
Bottom was developed with the ANSYS O program (Reference 12), using available design data. The scope for
examining the box sidewall and bottom was to translate the model and analysis results generated for the thermal
response of the HRTS ICVTm box (refs. 1 & 2) to the DBVS set-up and configuration, and to determine what
affect the "leaking glass" had on the temperature profile in the DBVS ICV Tm box refractory liner system.

The geometry sections of the box sidewall and bottom refractory was modeled in ANSYS L using a combination
of commands and an interactive menu system called the Graphical User Interface (GUI). The GUI feature of
ANSYS ^" provides the capability to automatically generate complex finite element models. The solid modeling
from the bottom up is defined in terms of keypoints, lines, areas, and elements. The modeling process is
initiated by defining the lowest-order solid model entities.- the keypoints. Keypoints are defined within the
currently active coordinate system and are important/key coordinate points to start the modeling.

The members of the assembly are then defined by lines that are defined by connectin g these keypoints. Element
types, material properties, and geometrical properties are assigned to the generated lines and areas. The
ANSYS	 meshing module automatically maps selected geometric components (e.g. — lines and areas) to
indicated elements. The boundary conditions and loading are assigned after model meshing is complete.
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2.1	 Selection of Element Types 	 i

The 1CVTM Box Sidewall and Bottom consists of the following primary elements:

1. 60PC Castable Refractory,

2. 110C Castablc Refractory,

3. Sand,

4. VV Steel Lining,

5. "leaking glass" (where applicable), and

6. Combined free convection and radiation heat transfer coefficients.

Tables 2-1 and 2-2 summarize the element types and the material properties of these various components.
These tables arc utilized during the generation of the ICVTM Box Sidewall and Bottom finite element model.
The PLANE 55 element type, 2-D Thermal Solid, is used as a plane element or a plane element with a 2-D
thermal conduction capability. The element has four nodes with a single degree of freedom, temperature, at
each node.

0	 Table 2-1. ANSYS® Finite Element Types Used in ICVr`r Box Sidewall and Bottom Models.

Element Type Name Element Description
1 PLANE55 2-13 THERMAL SOLID

The material numbers used in this analysis are for conduction through the medium and the convection off of the
liner. Material numbers vary depending on case number.

Table 2-2. Material Types Used in ICV r6i Box Sidewall and Bottom Models.

Material
Number

Description
k (Thermal Conductivity)

It (Convection/Radiation
Heat Transfer Coefficient

1 60PC Castable Refractory See Appendices
2 110C Castable Refractory See Appendices
3 Steel Lining See Appendices

4.8 Air Conductivity See Appendices
2,5 Sand data See Appendices
3,9 "Leaking Glass" Thermal Conductivity See Appendices
6 Horizontal Convection See Appendices

4.7 Vertical Convection See Appendices

Calculation Shcet: QAP3.I,RcY.6(11.13-05)
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2.2	 Geometry and Modeling Approach

The FEM generation of the ICV TM' Box Sidewall and Bottom was started by defining the coordinates of
keypoints at various locations. The lines were defined from these keypoints. The element type, material
properties, and geometrical properties were assigned to the generated lines. The ANSYS® meshing module
automatically meshed areas into PLANE 55 elements. The boundary conditions and loading were assigned
after model meshing.

23	 ANSYSe Verification & Validation

The FEM of the ICVTM' Box Sidewall and Bottom was used to determine the temperature change across the
refractory using the ANSYS computer program. The ANSYS ® program has been thoroughly benchmarked
with a set of over 200 verification problems that are provided with the program documentation and verified by
ARES Corporation, as documented in Verification No. VV-05-02-010, ANSYS'a Version 10.0 Verification
(Reference 13). For the calculations presented herein, the program was executed on a Dell OptiPlex GX280
computer having Service Tag Number 7VB3W6Iand ARES ID RL_C0104.

3.0	 ICVr" BOX SIDEWALL THERMAL ANALYSES

The refractory liner system for the ICV TM box sidewalls is composed of a tastable refractory liner, backed by a
layer of sand materials. The system is contained in a steel box. The box has an exoskeleton of 3%2" x 3%:" x V4"

steel tubing running vertically up the sides of the box, spaced at approximately 12" intervals. The tastable
refractory liner material is nominally 6" thick and is constructed of RESCO Vibrocast 60PC. A data sheet for
this material is presented in the Appendices. The vertical walls of the castable refractory liner materials are
backed-up by sand. Representative data for this material are also presented in the Appendices. To support the
castable refractory liner sidewalls during construction of the box, columns of RESCO Rescocastl I OC castable
refractory are staged at periodic intervals between the outboard surfaces of the 60PC castable and the steel
ICVTM' box walls (Data sheets for this material are included in the Appendices). The sand is then backfilled into
the void space between the 60PC castable refractory liner walls, the I I OC refractory vertical ribs, and the
ICVTM+ box steel walls. The exterior surface of the ICVTM+ box is painted flat black using a product called
Thermaline 4700 manufactured by Carboline. Emissivity data for this paint is provided in the Appendices. The
emissivity data presented is for Carboline 4674. Per Mr. Mike Beckman of Carboline, this is the same product
as the 4700, just an updated product number. A nominal emissivity of 0.6 was assumed for all concrete surfaces
modeled (ref. 6). Correlations for free convection heat transfer were included in the formulation of the net heat
transfer coefficient on the exterior surface of the ICVTM' box (ref. 6). The correlation used for combined free
convection and radiative heat transfer are provided in the Appendices for both vertically- and horizontally-
oriented surfaces of the ICV TM box.

The ICVTM box sidcwall thermal analyses performed for the FIRTS simulations (references I & 2) indicated
that the worst-case box skin temperatures were obtained when the heat fin effect of the tube steel exoskeleton is
not included in the model. Consequently, they are not explicitly included in the simulations presented herein.
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For the "leaking glass" cases considered, temperature-dependent thermal conductivity data for representative
glass was included in the model. Presently there is no data for the glasses to be generated by the BulkVit
process. Consequently, a "hybrid" glass data set was generated using thermal conductivity for a LAW glass in
the low-temperature region (reference 7) and data obtained from PNL-4800 (ref. 11) for Hanford soils.

The end walls of the DBVS ICV T"' box refractory liner system will involve 60PC backed by refractory M-board
(to accommodate thermal growth during processing) and sand. This configuration is not explicitly modeled
herein as the M-board will reduce the gradient through the outboard materials and, consequently result in lower
box skin temperatures. In the "leaking glass" scenarios, the M-board will not hinder the growth and
progression of the " leaking glass". Therefore the results obtained with the configurations involving 60PC
castable backed by sand will be representative of the results that could be expected for a "'leak" in the end wal I
regions of the melt refractory liner system.

Figure 3-1 presents a schematic of the ICV''" box sidewall for the case when the 60PC castable is backed by
1 1 OC castable; Figure 3-2 presents the configuration when it is backed by sand. Both configurations are
analyzed to determine the ICVTy' box sidewall temperatures during normal conditions. The leaking glass
scenario can only occur in regions wherein the 60PC is backed by sand, however.
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Figure 3-1. DBVS ICVr11' Box Side Wall Model Schematic — in the Vicinity of the 110C Vertical Ribs.
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Figure 3-2. DBVS ICV' • 1'1 Box Side Wall Model Schematic — in the Vicini ty of the Sand Backing.

Figure 3-3 presents an illustration of the sidewall configuration modeled in the "leaking glass" scenarios. 	 In
these scenarios, it is postulated that a horizontally-oriented I" seam opens-up in the 60PC castable refractory
sidewall, allowing glass to flow into the region occupied by the sand material. The glass "flows" out toward the
ICVTm box sidewall and up the outboard face of the 60PC castable refractory until the leading face of the
"leaking glass" cools to the "freeze point" temperature of the glass, 826°C (as specified by PNNL for this glass
composition, ref 5). The ultimate position of this leading face is determined by the assumed melt, ambient, and
concrete temperatures, the thermal properties of the materials involved in the process, and the convective and
radiative heat losses off the exterior surface of the ICV Tm box sidewall. This configuration is intended to mimic
the conditions experienced during the HRTS BulkVit Test 38A and identified n the post-test sampling and
evaluation of the apparatus (ref. 4).
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Figure 3-3. DBVS ICVTM Box Side Wall "Leaking Glass" Model Schematic.

Seven cases were considered to assess the impact of the "leakin g glass'' scenario on the maximum temperature
realized on the ICVTM box surface and the proximity of the leading edge of the "leaking glass" to the box steel
sidewall. The following sections describe the assumptions and corresponding results for each of these cases.

3.1	 Base Case Conditions — 110C Castable Refracto ry Backing

The configuration modeled for this case is depicted in Figure 3-1. Temperature-dependent thermal conductivity
data for each material was included in the model and is presented in the Appendices. Combined free convection
and radiation heat transfer was modeled off the outside surface of the ICV TM box sidewall. The radiation heat
transfer component assumed an emissivity of 0.8 for the ICVTM box steel and 0.6 for the concrete shield wall.
A temperature of 1300°C was assumed for the melt/60PC interface. This temperature reflects a conservatively
high, but reasonable, estimate of the melt temperature in this region during normal operating conditions. A
conservative, upper-bound temperature of 100°C was assumed for the ambient and concrete surface
temperatures outboard of the ICV TM box. In summary, the conditions modeled for this case were:
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•	 2D Model of Box sidewall — Base Case Configuration, No leaking glass
0 1300°C temperature at mett/60PC interface
0 6" thick 60PC castable refractory
0 6" thick 1 l OC. castable refractory vertical ribs
o Hybrid LAW/PNL-4800 glass thermal conductivity properties
o Nominal natural convection & radiation on outside box wall — with effect of concrete shield wall

included
• E box — 0.8
• £concrete — 0.6

0 100°C ambient for both air and concrete surfaces

The ANSYS @ v 10.0 computer code was used to compute the temperature distribution in the ICV Tm box
refractory liner system under these conditions. Figure 3-4(a) provides an illustration of the location of the
826°C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure 3-
4(b). As the results indicate, the results for the key metrics were:

•	 Location of the 826°C isotherm — 5'/a" from box skin
•	 Maximum Box stein temperature — 281'C

(a)
	

(b)

Figure 3-4. Temperature Distribution for the ICV TI"I Box Sidewall Configuration — 110C Refractory
Backing.
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3.2	 Base Case Conditions—Sand Backing

The configuration modeled for this case is depicted in Figure 3-2. Temperature-dependent thermal conductivity
data for each material was included in the model and is presented in the Appendices. Combined free convection
and radiation heat transfer was modeled off the outside surface of the ICV TM box sidewall. The radiation heat
transfer component assumed an emissivity of 0.8 for the ICV TM box steel and 0.6 for the concrete shield wall.
A temperature of 1300°C was assumed for the melt/60PC interface. This temperature reflects a conservatively
high, but reasonable, estimate of the melt temperature in this region during normal operating conditions. A
conservative, upper-bound temperature of 100°C was assumed for the ambient and concrete surface
temperatures outboard of the ICVTM box. in summary, the conditions modeled for this case were:

•	 2D Model of Box sidewall — Base Case Configuration, No leaking glass
0	 1300°C temperature at melt/60PC interface
0	 6" thick 60PC tastable refractory
o	 6" thick sand
•	 Hybrid LA W/PNL-4800 glass thermal conductivity properties
•	 Nominal natural convection & radiation on outside box wall — with effect of concrete shield wall

included
•	 Eb.w = 0.8
•	 Cewrete = 0.6

•	 100°C ambient for both air and concrete surfaces

The ANSYS® v10.0 computer code was used to compute the temperature distribution in the ICVTM box
refractory liner system under these conditions. Figure 3-5(a) provides an illustration of the location of the
826°C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure 3-
5(b). As the results indicate, the results for the key metrics were:

•	 Location of the 826°C isotherm — 3 3/." from box skin
•	 Maximum Box skin temperature — 232°C
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(a)
	

(b)

Figure 3-5. Temperature Distribution for the ICW m Box Sidewall Configuration – Sand Backing.

3.3	 "Leaking Glass" Scenarios

As discussed in section 3.0, a number of cases were considered to assess the consequences of a horizontal seam
opening in the 60PC refractory allowing a slab of"leaking glass" to flow and form on the outboard face of the
60PC tastable refractory. The configuration modeled is depicted in Figure 3-3. The leading face of the
"leaking glass" region was adjusted in the model until it coincided with the location of the 826°C isotherm. The
results obtained from a number of conditions are presented in this section. These results reflect variations in the
assumption of the temperature of the melt at the melt/60PC interface, and modifying the combined heat transfer
coefficient on the surface of the WW I" box by factors of % and 2.

3.3.1	 1300°C :Melt/60PC Interface Conditions

The configuration modeled for this case is depicted in Figure 3-3. The conditions modeled were:

•	 2D Model of Box sidewa ll —'Leaking Glass" Scenario
o 1300°C temperature at melt/60PC interface
0 6" thick 60PC tastable refractory
0 6" thick sand
o Hybrid 1,AW/PN1 4800 glass thermal conductivity properties
o Nominal natural convection & radiation on outside box wall – with effect of concrete shield wall

included
• 

£bo. = 0.8

• 
Ecnncrctc =

0 100°C ambient for both air and concrete surfaces
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The ANSYS& v10.0 computer code was used to compute the temperature distribution in the ICV Tm box
refracto ry liner system under these conditions. Figure 3-6(a) provides an illustration of the location of the
826°C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure 3-
6(b). As the results indicate, the results for the key metrics were:

•	 Location of the 826°C isotherm — 2 1/8" " from box skin
•	 Maximum Box skin temperature — 286°C

l

U
0
,,Cl

N^
00;

I

1

1

Glass slab Sidevall N.del - Case 3.3.1

(a)

Figure 3-6. Temperature Distribution for the ICVT`i Box Sidewall Configuration — 1300 0 C "Leaking
Glass".

3.3.2	 1500°C Melt/60PC Interface Conditions

The configuration modeled for this case is depicted in Figure 3-3. The conditions modeled were:

•	 2D Model of Box Sidewall —"Leaking Glass" Scenario
0 1500°C temperature at melt/60PC interface
0 6" thick 60PC castable refractory
0 6" thick sand
o Hybrid LAW/PNL-4800 glass thermal conductivity properties
o Nominal natural convection & radiation on outside box wall — with effect of concrete shield wall

included

Eh<3. _
£EOncrc[c — 0 -

0 100°C ambient for both air and concrete surfaces
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The ANSYS"'v10.0 computer code was used to compute the temperature distribution in the ICV TM box
refractory liner system under these conditions. Figure 3-7(a) provides an illustration of the location of the
826°C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure 3-
7(b). As the results indicate, the results for the key metrics were:

•	 Location of the 826°C isotherm — 1'/4 " " from box skin
•	 Maximum Box skin temperature — 342°C

(a)
	

(b)

Figure 3-7. Temperature Distribution for the ICVTM Box Sidewall Configuration — 1_500°C "Leaking
Glass".

3.3.3	 1700°C Melt/60PC Interface Conditions

The configuration modeled for this case is depicted in Figure 3-3. The conditions modeled were:

•	 2D Model of Box sidewall —"Leaking Glass" Scenario
o 1700°C temperature at melt/60PC interface
o 6" thick 60PC tastable refractory
o 6" thick sand
o Flybrid LAW/PNL-4800 glass thermal conductivity properties
o Nominal natural convection & radiation on outside box wall — with effect of concrete shield wall

included
Ebo, = 0.8

Eeol,eFe(e =

o 100°C ambient for both air and concrete surfaces

CBlcUlaIl0i1S)leel. QA11 3. 1. Rey.6 0 I-I 5 -0i)
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The ANSYSe v10.0 computer code was used to compute the temperature distribution in the ICV TM box
refractory liner system under these conditions. Figure 3-8(a) provides an illustration of the location of the
826°C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure 3-
8(b). As the results indicate, the results for the key metrics were:

•	 Location of the 826 °C isotherm — %" from box skin
•	 Maximum Box skin temperature -- 421 °C

(a)	 (b)

Figure 3-8. 'Temperature Distribution for the ICVT`" Rox Sidewall Configuration — 1700°C "Leaking
Glass".

3.3.4	 1700°C Melt/60PC Interface Conditions; Reduced surface heat transfer coefficient

The configuration modeled for this case is depicted in Figure 3-3. The con fi guration is similar to the one
presented in Section 3.3.3. In this case however, the net heat transfer coefficient used to compute the combined
convective and radiative heat losses off the ICV TM box external sidewall was reduced by a factor of 2 to assess
the sensitivity of the results to variations in this parameter. The conditions modeled were:

•	 2D Model of Box sidewall — "Leaking Glass" Scenario
o 1700°C temperature at rnelt/60PC interface
o 6" thick 60PC castable refractory
o 6" thick sand
o I lybrid LAW/PNL-4800 glass thermal conductivity properties
o % x nominal natural convection & radiation on outside box wall — with effect of concrete shield

wall included

•	 Ebal; = 0.8
•	 £concrete — 0 •

o 100°C ambient for both air and concrete surfaces

CJlcl)IUt1on Sbcet: `n P ,. L Rc1'. 6 (1 1-13-05)
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The ANSYS® vI0.0 computer code was used to compute the temperature distribution in the ICV Tm box
refractory liner systern under these conditions. Figure 3-9(a) provides an illustration of the location of the
826°C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure
3-9(b). As the results indicate, the results for the key metrics were:

•	 Location of the 826°C isotherm — %" from box skin
•	 Maximum Box skin temperature — 557°C

(a)
	

(b)

Figure 3-9. Temperature Distribution for the ICVTrr Box Sidewall Configuration — 1700°C "Leaking
Glass"; Reduced ICVT ," Box Surface Heat Transfer Coefficient.

3.3.5	 1700°C Melt/60PC Interface Conditions; Increased surface heat transfer coefficient

The configuration modeled for this case is depicted in Figure 3-3. The configuration is similar to the one
presented in Section 3.3-3. In this case however, the net heat transfer coef ficient used to compute the combined
convective and radiative heat losses off the ICV T^' box external sidewall was increased by a factor of 2 to
assess the sensitivity of the results to variations in this parameter- The conditions modeled were:

•	 2D Model of Box sidewall — "Leaking Glass" Scenario
o 1700°C temperature at melt/60PC interface
o 6" thick 60PC castable refracto ry

o 6" thick sand
o Hybrid LAW/PNL-4800 glass thermal conductivity properties
o 2 x norninal natural convection & radiation on outside box wall — with effect of concrete shield

wall included

Ebox = 0.8

EconrFelc =
o 100°C ambient for both air and concrete surfaces

Calculation Shcc t. QAP 3.I. Rc1. 6 (H-I5-US)
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The ANSYSS v10.0 computer code was used to compute the temperature distribution in the ICV TM box
refracto ry liner system under these conditions. Figure 3-10(a) provides an illustration of the location of the
826°C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure
3-10(b). As the results indicate, the results for the key metrics were:

•	 Location of the 826 0C isotherm —'/8" from box skin

•	 Maximum Box skin temperature — 313'C
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Figure 3-10. Temperature Distribution for the ICV TM Box Sidewall Configuration — 1700 °C "Leaking
Glass"; Increased ICVTM Box Surface Heat Transfer Coefficient.

1.0 ICVTM BOX BOTTOM 'THERMAL ANALYSES

Similar to the ICVTM box sidewalls, the ICV TM box bottom refractory liner region is composed of an array of
castable refractory floor slabs, resting on a composite layer of castable refractory support blocks. The region
between refractory suppo rt blocks is fi lled with sand. The floor slabs make-up the bottom of the melt castable
refractory liner, and are composed of 6" thick RESCO Vibrocast 60PC slabs that are joined with a half-lap seam
between slabs. The joints in each seam are slathered with a layer of refractory "mud" during construction to
cement them together and seal any gaps. The refracto ry support blocks are 5" wide by 8" tall. and are
composed of RESCO Rescocast 1 IOC. The data sheets containing compositional and property data for both of
these RESCO products is provided in the Appendices. The regions occupied by sand are 9" wide by 8" tall.
The bottom surfaces of the I l OC support blocks and sand rests on the ICVTM steel box bottom. The outer
surface of the box bottom is ribbed with 6" x 6" x %" tube steel, spaced approximately 12" on-centers. The
tubes run across the 8' width of the box. The outer surface of the ICV TM box bottom is painted with the
Carboline Thermoline 4700 flat black product. Again, all the property data relevant to the thermal analyses
performed for this calculation is presented in the Appendices. The correlations and associated numerical data

Calculation Shcet: QAP3.1. Rev, 6(11-I5-05)
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used to model convective and radiative heat transfer off the ICV TM box bottom is also presented in the
Appendices.

As for the sidewall analyses, for the box bottom "leaking glass" cases considered, temperature-dependent
thermal conductivity data for representative glass was included in the model. The "hybrid"
glass data generated for the sidewall analyses was also used in these cases. This data is presented in the
Appendices.

The ICVTM box bottom thermal analyses performed for the HRTS simulations (references 1 & 2) indicated that
the worst-case box skin temperatures were obtained when the heat fin effect of the tube steel exoskeleton is not
included in the model. Consequently, they are not explicitly included in the simulations presented herein.

Figure 4-1 presents a schematic diagram of the ICV TM box bottom model used in these analyses.
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Figure 4- 1 . 1CW 11 Box Bottom Model Schematic.

For the ICV TM box bottom "leaking glass'' scenarios. the configuration modeled is as depicted in Figure 4-2.
As with the "leaking glass" model used for the ICV TM sidewall analyses, a 1" wide seam was assumed to open-
up in the 60PC floor slabs to allow direct communication between the melt and the sand region below. The
thickness of the -'leaking glass" region in the refractory slab was determined by the assumed temperatures for
the melt at the melt/60PC interface, the thermal properties of the various materials present in the ICV TM box
bottom region. and the heat transfer coefficients used to represent convective and radiative heat losses from the
exterior steel surface of the ICVT" box bottom and its surrounding environment. The "leaking glass" will

r

0

RPP-24544 REV Ic
145579-D-CA-001 Revision 2 A

tt
achment 1

Calculation Sheet: QAP 3.1. Rev. 6 (11-15-05)

A6-144



(: f; Rf.'1FA iii; cl
CALCULATION SHEET

Project No. 0509206.01 Calculation No. 0509206.01-M-001 Rev. No_ t Page No. 22 of 97

Title: DBVS ICV TM Box Thermal Analysis

Prepared By: P.S. Lowe ry Date: 3/20/06 Checked By: S.K. Pierce Date: 3/20/06

propagate into the sand until the leading edge of the slab coincides with the location of the 826°C isotherm in
that region. As indicated in Figure 4-2, x 826 represents the distance between exterior surface of the ICVTm box
bottom and the leading edge of the "leaking glass" slab.
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Figure 4-2. ICVT -"' Box Bottom ]Model Schematic — "Leaking Glass" Scenario.

Six cases were considered to assess the impact of the "leaking glass" scenario on the maximum temperature
realized on the ICVTM box bottom surface and the proximity of the "leaking glass" to the box bottom steel. The
following sections describe the assumptions and corresponding results for each of these cases.

4.1	 Base Case Conditions

The con fi guration modeled for this case is depicted in Figure 4-l. Temperature-dependent thermal conductivity
data for each material was included in the model and is presented in the Appendices. Combined free convection
and radiation heat transfer was modeled off the outside surface of the ICV T"' box bottom. The radiation heat
transfer component assumed an emissivity of 0.8 for the ICV T-" box steel and 0.6 for the concrete floor. A
temperature of 1300°C was assumed for the melt/60 1 1C interface. This temperature reflects a conservatively
high. but reasonable, estimate of the melt temperature in this re g ion during normal operating conditions. A

0
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conservative, upper-bound temperature of 100°C was assumed for the ambient and concrete surface
temperatures outboard of the ICV TM box. In summary then, the conditions modeled for this case were:

•	 2D Model of Box bo ttom — Base Case Con fi guration, No Leak
0 1300°C temperature at melt/60PC interface
0 6" thick 60PC castable refractory
0 8" tall by 9" wide sand; 8" tal l by 5" wide I l OC castable refractory supports (split to center the

sand region on the model's vertical centerline)
o Nominal natural convection & radiation on bo ttom box wall -- with effect of concrete floor

included

• Ebox = 0.8

•	 £concrete = 0.6

0 100°C ambient for both air and concrete surfaces

The ANSYSr v 10.0 computer code was used to compute the temperature distribution in the ICV TM box
refractory liner system under these conditions. Figure 4-3(a) provides an illustration of the location of the
826°C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure
4-3(b). As the results indicate, the results for the key metrics were:

Location of the 826°C isothermn 5%" from box bottom
Maximum Box skin temperature - 252°C

(a)
	

(h)

Figure 4-3. Temperature Distribution for the ICVTM Box Bottom Configuration.
4.2
	

"Leaking Glass" Scenarios

Calculation Slim: QA11 3. 1, Rev. 6 (11-15-05)
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steel wall. The configuration modeled in these cases is depicted in the model schematic presented in Figure 4-2.
The cases considered variations on the assumed temperature at the melt/60PC interface and the sensitivity to
the heat transfer coefficient used to model convective and radiative losses off the bottom of the ICV TM box. As
was done for the ICVTm box sidewall cases, the combined surface heat transfer coefficient was modified by
factors of %: and 2 in this sensitivity study.

4.2.1	 1300"C Melt/60PC Interface Conditions

The conditions modeled for this case were as follows:

•	 2D Model of Box bo ttom
0	 1300°C temperature at melt/60PC interface
0	 6" thick 60PC tastable re fractory

0	 8" thick sand; 8" 11 OC tastable refractory supports
o	 Hybrid LAWIPNL-4800 glass thermal conductivity prope rt ies
o	 Nominal natural convection & radiation on bottom box wall — with effect of concrete floor

included
•	 Ebox — 0.8
•	 Econcrete = 0.6

0	 100"C ambient for both air and concrete surfaces

The ANSYS® 0 0.0 computer code was used to compute the temperature distribution in the 1CV TM box
refractory liner system under these conditions. Figure 4-4(a) provides an illustration of the location of the
826°C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure
44(b). As the results indicate, the results for the key metrics were:

•	 Location of the 826"C isotherm — 3%" from box bottom
•	 Maximum box skin temperature — 254°C
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Figure 4-4. Temperature Distribution for the ICVTat Box Bottom Configuration — 1300 0C "Leaking
Glass".

14.2.2	 15000C Melt/60PC Interface Conditions

I The conditions modeled for this case were as follows:

•	 2D Model of Box bottorn
o 1500 0C temperature at melt/60PC interface
o 6" thick 60PC castable refractory
0 8" thick sand, 	 11 OC castable refractory supports
o Hybrid LAW/PNL-4800 glass thermal conductivity properties
o Nominal natural convection & radiation on bottom box wall — with effect of concrete floor

included
= Ebm = 0.8
n 	 £concre te —

o I OO O C ambient for both air and concrete surfaces

The ANSYS9 v10.0 computer code was used to compute the temperature distribution in the ICV T"t box
refractory liner system under these conditions. Figure 4-5(a) provides an illustration of the location of the
8260 0 isotherm for this model; a color map of the full-field temperature distribution is presented in Figure
4-5(b). As the results indicate, the results for the key metrics were:

•	 Location of the 826 0C isotherm -- 2%" from box bottom

L71 

•	 Maximum box skin temperature -- 3400C
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Figure 4-5. Temperature Distribution for the ICVT`' Box Bottom Configuration — 1500°C "Leaking
Glass".

4.2.3	 1700°C Melt/60PC Interface Conditions

The conditions modeled for this case were as follows:

•	 2D Model of Box bottom
o 1700°C temperature at melt/601'C interface
o 6" thick 60PC castable refractory
o 8" thick sand; 8" 1 1OC castable refractory supports
o Hybrid LAW/PNL-4800 glass thermal conductivity properties
o Nominal natural convection & radiation on bottom box wall — with effect of concrete floor

included
• £box = 0.
•	 £concrete —

o 1 OO°C ambient for both air and concrete surfaces

The ANSYS"y v 10.0 computer code was used to compute the temperature distribution in the ICV Ty box
refractory liner system under these conditions. Figure 4-6(a) provides an illust ration of the location of the
826°C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure
4-6(b). As the results indicate, the results for the key metrics were:

•	 Location of the 826°C isotherm -- I%" from box bottom
•	 Maximum box skin temperature — 391°C
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Figure 4-6. Temperature Distribution for the ICW 11" Box Bottom Configuration — 1700°C "Leaking
Glass".

4.2.4	 1700°C Melt/60PC Interface Conditions; Reduced surface heat transfer coefficients

The conditions modeled for this case were as follows:

•	 2D Model of Box bottom
0 1700°C temperature at melt/60PC interface
0 6" thick 60PC castable refractory
0 8" thick sand; 8" 11 OC castable refractory supports
o Hybrid LAWIPNL-4800 -lass thermal conductivity properties
o '/2x  nominal natural convection & radiation on bottom box wall — with effect of concrete floor

included
• Fbox = 0.8•

Fconcrctc ° 0.6
0 100°C ambient for both air and concrete surfaces

The ANSYS'3R v10.0 computer code was used to compute the temperature distribution in the ICV TM box
refractory liner system under these conditions. Figure 4-7(a) provides an illustration of the location of the
826°C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure 4-
7(b). As the results indicate, the results for the key metrics were:

•	 Location of the 826°C isotherm P/3" from box bottom
•	 Maximum box skin temperature — 517°C

C£11C111a11011 Shed: QAi' 3.1. Re y. 6(11-I5-05)
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(a)	 (b)
Figure 4-7. Temperature Distribution for the ICV"" Box Bottom Configuration — 1700°C "Leaking

Glass"; Reduced ICVT`t Box Surface Heat Transfer Coefficient.

4.2.5	 1700°C Melt/60PC Interface Conditions; Increased surface heat transfer coefficients

The conditions modeled for this case were as follows:

•	 2D Model of Box bottom
0 1700°C temperature at melt/60PC interface
0 6" thick 60PC castable refractory
0 8" thick sand; 8" 1 10C castable refractory supports
o Hybrid LAW/PNL-4800 glass thermal conductivity properties
0 2 x nominal natural convection & radiation on bottom box wall — with effect of concrete floor

included

n £box ' 0.8
n £concrete —

o 100°C ambient for both air and concrete surfaces

The ANSYS""' v 10.0 computer code was used to compute the temperature distribution in the ICVT" box
refractory liner system under these conditions. Figure 4-8(a) provides an illustration of the location of the
826°C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure
4-8(b). As the results indicate, the results for the key metrics were:

•	 Location of the 826°C isotherm — 1%" from box bottom
•	 Maximum box skin temperature — 299°C
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(a)
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Figure 4-8. Temperature Distribution for the ICVT"t Box Bottom Configuration — 1700°C "Leaking
Glass"; Increased ICVTf" Box Surface Heat Transfer Coefficient.

5.0 CONCLUSIONS

A series of simulations were performed to evaluate the thermal performance of the ICVTM box side and bottom
regions under base case and "leaking glass" scenarios. The simulations considered the sensitivity of the
maximum box skin temperature and proximity of the "leaking glass" front to the box surface to variations in
assumed melt temperature at the melt/60PC interface and the heat transfer coefficient used to model convective
and radiative heat losses from the ICVTm box surface to the surrounclings. The results are summarized in Table
5-1 for the ICVTm box sidewall simulations and Table 5-2 for the [CV T ", box bottom simulations.

These results indicate that, under normal operating conditions, a maximurn 1CV TM box sidewall skin
temperature of approximately 280°C would occur in the vicinity of the vertical castable refractory ribs. Under
off-normal conditions, when a seam has opened in the 60PC castable refractory slabs allowing molten glass to
propagate into the sand layer between the 60PC melt castable refractory liner and the ICV Tm box sidewall, the
peak ICV T" box skin temperature would be approximately 286°C, and the "leakin g glass" front would
propagate through the sand layer and approach to within 2 t/s" of the ICVTM box skin. In the extremely off-
normal condition of a melt/60PC interface temperature of 1700°C, the maximum box skin temperature increases
to 42 PC and the leading edge of the "leaking glass" approaches to within %" of the ICV' rm box steel skin.
Even under these extremely severe assumptions, the molten material is still contained within the sand layer. As
all 	 of the conservatism imposed in the analysis. if the heat transfer coefficients are reduced by a
factor of two. the ICVT,4 box sidewall temperature increases to 557°C. Under these conditions. the "leaking
glass" front approaches to within %" of the ICV" r"' box steel skin. These conditions are still within the design
limits of the box.
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The results obtained from simulations of the ICV Tht box bottom region indicate a maximum surface temperature
of approximately 250°C under normal operating conditions (assuming a melt/60PC interface temperature of
1300°C). In the assumed off-normal condition wherein a seam opens-up in the 60PC tastable refractory floor
slabs of the melt tastable refractory liner, the maximum box surface temperature increases slightly to
approximately 255°C. The leading edge of the "leaking glass" melt slab propagates through the sand layer
beneath the 60PC floor slabs to within 3W of the 1CV TM box steel skin. In the extremely off-normal condition
of a melt/60PC interface temperature of 1700 oC, the 1CVT4 box bottom temperature increases to 391 °C and the
leading edge of the "leaking glass" approaches to within I %" of the ICV TM steel box skin. Even under these
extremely severe assumptions, the molten material is still contained within the sand layer. As an indication of
the conservatism imposed in the analysis, if the heat transfer coefficients are reduced by a factor of two, the
ICVT'" box bottom temperature increases to 517°C and the leading edge of the "leaking glass" approaches to
within 1 Ys" of the ICVTM steel box bottom. These conditions are still within the design limits of the box.

In summary then, these results indicate that a melt tastable refractory liner composed of 6" thick RESCO
VIBROCAST 60PC, backed-up by 6" of sand and/or 6" thick vertical support ribs composed of RESCO
RESCOCAST 1 l OC is sufficient to contain the melt, even under off-normal "leaking glass" conditions in which
a V wide seam opens-up in the sidewalls of the 60PC tastable refractory liner. Similarly, the 6" thick RESCO
VIBROCAST 60PC material used to form the floor of the melt tastable refractory liner, backed-up by an 8"
thick layer of either RESCO RESCOCAST I I OC support blocks or 8" of sand is sufficient to contain the melt,
even under off-normal "leaking glass" conditions in which a V wide seam opens-up in the floor of the 60PC-
lined melt tastable refractory liner.

Table 5-1. Results for the ICVrht Box Sidewall Heat Transfer Simulations

Case Tmsll
[oCj _

T.
[oC1

Heat Transfer,
Coefficient
Multiplier,

"Leaking Glass"
Condition . 426

" Tskln

[oC]

—3.1	 ' 73 0-0 100 Ix No S'/" 281

3.2	 1 No 3sY," 232

3.3.1 Yes 2%" 286

3.3.2 1500 1 K" 342

333 1700 W. 421

3.3.4 %2x %:" 557

3.3.5 2x T/." 313

Notes: (1) Sidewall model through I IOC vertical tastable refractory rib backing
(2) Sidewall model through sand backing

Calculatim Sheet: QAP 3. I. R,. 6111-15051
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Table 5-2. Results for the ICVrM Box Bottom Heat Transfer Simulations

Case T.n.0 T,a
^oC^

,Heat Transfer `
Coefficient
Multiplier

"Leaking Glass^;
Condition : ': xsz6'	 :

. IeCJ 	 .

4.1 1300 100 Ix No 5%:' 252
4.2.1 Yes 3'/." 254

4.2.2 1500
1 1

Y/:' 1	 340

4.2.3 1700 1'Va" 391

4.2.4 %2x
IV., 517

4.2.5 2x 1%11
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APPENDIX A

CONVECTION RADIATION HEAT TRANSFER CORRELATIONS

COMBINED FREE CONVECTION & RADIATION HEAT TRANSFER COEFFICIENT
CORRELATION — HORIZONTAL SURFACE

f	 4 1Q Tg4 
—Tronr

^l1—tol+ I	 T
+ l i 

—Erarc I^

J	 l	
J^a— Tb)

^e	 Eranc

where: Cg =0.691

n=%
TB = Box Surface Temperature, oK
T. = Ambient Air Temperature, oK
Toone = Concrete Surface Temperature, oK
a = Stefan-Boltzmann Constant, 5.67x 10-' W/m? oK4
eB = Emissivity of the painted ICVT"t box surface, 0.8
eeonc = Emissivity of the concrete surface, 0.6

With Teoni: = Tm= 100oC, this yields:

Combined Free Convection & Radia tion Heat Transfer
Horizontal Surface orientation
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COMBINED FREE CONVECTION & RADIATION HEAT TRANSFER COEFFICIENT
CORRELATION— VERTICAL SURFACE

by = Co [To —T. r + ((
	

[T84 _T4 .1

1\1 EBB)+ 
1 +I I Ecoaor)f(Te—Tq)

where: Co =1.312

n =%a
To = Box Surface Temperature, eK

T. = Ambient Air Temperature, eK
Tcerc = Concrete Surface Temperature, °K
a = Stefan-Boltzmann Constant, 5.67x] 0-' W/mZ 'K°
En = Emissivity of the painted ICVTM box surface, 0.8
Ec. = Emissivity of the concrete surface, 0.6

With Tcmc = T. = I00°C, this yields:

TB 10C] 
h

NVIM -IC

too 6.1

125 10.6
150 12.3
175 13.8
200 15.2
225 16.5
250 17.9
275 19.
300 20.8
325 22.3

50 23.8
75 25.4

400 27.1
425 28.9
450 0.7
475 32.6
500 34.7
525 36.8
550 39.0
575 41.3
600 43.7

Combined Free Convection & Radiation Heat Transfer
Vertical surface Orientation
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RESCO Products Inc. VIBROCAST 60 PC (Reference 8)

P
RES
RODUCTSVibratables

Product Data
VIBROCAST 60PC

VIBROCAST 60 12C is a sixty percent alumina, mullite based, pumpable, 3100 1, low-cement
tastable designed to provide minimum porosi ty and low linear change with maximum densi ty

and high fired strengths. This material will withstand severe high temperature corrosive and
erosive environments.

Maximum Serv ice Temnemture: 3100OF (1700°C)

Bulk Density:
220-F (105°C) 163 lb/fl' (2608 kg/m')

1500°F (8150C) 160 rom' (2560 kglm')

Porosity:

1500OF(8156C) 17%

Cold Crushing Strength:
1500-F ( 815°C) 10000.14000 psi (700-980 kg/cm')
250CPF(13700C) 11000-15000 psi (770-1050 kg1dn2 )

2910°F (1600°C) 11000-15000 psi (770-1050 kglcm')

Modulus of Rupture:
15WF ( 815°0) 1400.2000 psi (98-140 kglcm^
2500°F (1370°C) 1500-2100 psi (105 . 147 kg/cm')
291TF (1600°C) 1500.2100 psi (105 . 147 kg/cm')

Permanent Linear ChanneM.)

1500°F ( 815°C) -0.1 to -0.3

2500-F (1370°C) 0.0 to -0.3
2910-F (16000C) 40.4 to i0.8

Erosion Loss:
1500°F (815°C) Less than 9.0 cc

(Typical Loss:4 -6 cc)

Conductive	 or `K° Factor.
MR em I) BIUM21HRPF/in 	 W/mK
1000'F ( 5406C) 10.0	 1.44

1500°F ( 815°C) 10.0	 1.44
200TF (1095°0) 10.0	 1.44

i at Ch mi	 Analvsisi%.
t	 ,	 i	 = Fei01	 Ti0=	 CaO	 Other

60.8	 34.5 1.0	 1.8	 1.6	 0.3

Standard Packaging: 72-55 lb. bags per pallet

0

0
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RESCO Products Inc. RESCOCAST 110 C (Reference 8)

*M
imp

hb.;R
Extreme Service Castab/es	 RESCY

9HonnrT% Inc._
Product Data

RESCOCAST 110C

RESCOCAST 110C Is a casting grade refractory that combines strength and abrasion
resistant qualities v:ith lour thermal conductivlty. Rescocast 110C is the product of choice
a.,hen both performance and Insulation Is desired In a single product

Maximum Serv ice Temnerature: 2400OF (1 315-C)

Bulk Density:
22VF (I WC) 117 Ib,13 (1870 kg/m)

1500°F (815aC) 110 Ib,13 (1760 kgfrn)

Cold Crushing Strength:
15OTF ( 815°C) 5000-9000 psi (350.630 kggcntz)

Modulus of Rupture:
150VF ( 815°C) 800-1200 psi (56-84 kgrco)

Pemlanent Linear Change(%),
1500-F ( 815°C) 0.0 to -0.3

Erosion loss:
1 50V ( 815°C) Less than 12 cc
Typical 9-11 cc

Conductivity or "K" Factor:
Mean Temp. BTUff /Hr/°Frin	 WMK

1000°F ( 540°C) 6.0	 0.86
1500OF ( 815aC) 5.4	 0.78

Typical Chemical Analvslsf%1:
AI203	SIOz	 Fe=O3 C30	 Mg0	 T102	 Alkalies

43.9	 43.5	 1.8 9.1	 0.3	 0.8	 0.6

Standard Packanlna 72 - 55 lb. bags per pallet
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Steel Thermal Conductivi ty (Reference 9, Table A-19)

Temperature
oC

k (Thermal Conductivity)
[W/m-°K]

127 56.7
327 48

527 39.2
727 30

Representative Thermal Conductivity Data for Sand Liner Material

Temperature
'C

k (Thermal Conductivi ty)
W/rn 'K

25 0.17
200 0.25

300 0.285
600 0.38

1000 1	 0.55

Calculat ion Shat: QAP ).I. Rn•. 6 (11-15-05)
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CARBOLTNE PRODUCT DATA
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CARBOLINE PRODUCT DATA

FAX FROM CARBOLINE COMPANY ^oltne
= HaAwy lr4wftW Cast • SL LWK MksoW 63144

To: PAT LocaegRt

companr. ARE-C

FAX t. raq 04L&211-
From: Afte Ae°-&Af-
Date: la-13-05	 nme:

f at Paper:	 Doc. d:
d ywdo rnrncdw SO M&P22” keated0b-m cat (314J 644.1CO17

REPLY TO	 FAX NUMBER
Main Ukly	 (314)6"-4617
Saks 6 6larketlnl	 314) 64!-1066 Ext. 1.2304
Sales A t4arka titl6	 (314) 544.3353
TaMaical Serslee	 (314)	 -6663
Customer Service 	(314) 64"614

Carpon a Services	 (314) 644-2246
rrtMMfiwLM ul-ASkn	 (314) 644106061.14344

Calar ab	 (314) 644-ION Fit. 1-2463
New OrIe7aS	 (5041734-M-0

i^ctQrfGer ^BB^t

CbSHDLItUM ROM 7KImasapelsXMIW4andea00eoMandkMr4ed$ aylatr*Wk- 	 19
MdiaJanCyt4tuMrhaa104rassaM1 YaarttsasgnoWdMnryrrNOOAieeusC drnpsn6dixlaaaC	 o:
Os6tWxaa9Y1 '9d6ierramgrb/waaa7aspeaSstiMIMSSbttd +n4 naY+u6pdT^	 '-E
kappmartw dri ntl raadmi procrx4kgs. 6Yea aan rec W sd firs mstape w ma, pkuearnEd us
innedirC1ra1 711344 10 0 0, M noun 1H! aierssge ltuarpA tta U.S Poslra ScrKCt

r03CPAPas

Calculation Shwc QAP S. I. Rah. 6(11-15.03)
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CARBOLINE PRODUCT DATA

.. .. . ........................................ 	 ........... laoij ...... . ...

ATFACMEKT
Page I of 3

0
co
GO
.C>

Emittance of five Test Coupons
for

elaskInghouse ti=dord Company

Wastinchouse Pumho" order mumber mw-svy-407o 26
TRW S.W! Number 63450.4

9aa7 1994

K	 y

ayN

omfopmore Come,

7RW Sp" Mad ft"OC3 GWP
0M S.Me pam

nqclom*, Gead CA 90270

48

to

•
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CARBOLINE PRODUCT DATA

turves n:gs RR 01 4 044 4003	 CAaeeOad	 ideas

_ ? a ..^ 905350)

'v ATTACHMENT

•

Pape 2 of 3

EMPlenee 01 Me WaStlnpboaso MaAfO rd Tart CWp0115

Measra "eta have boon performed 0 M TRW TMnbphysla Laborelnry to

dstembe tea ontgance d pw T s 7 stawaas steel coupons coated win earoolM 00)1-CPoo

dock port. Tbese teat cau mrd Were u&VW TRW laboralory sam4 eumbors 11"4 through

11904.

&A n0(1 OF MEC.SUPIEMRdI

Values of amenat emflane+wero determined aoa1P a QW1 .0w .Ma, InsWments Mod.]

D0100 ►dfaral Renociomotfr l•s. TMs thn," measures No trial Wean mHcdaeeo. Pa. of a

surface b a near-room 10""reluM brace. TM Aamptra are IlenaS pherfWhy IHUMM3 19d led

na r-normavy 14mad by the 
Instrument 

The normal erantanee, tn. Is obta ined useq Ina

M1a 6  "; en-1 • pa•

The me taummoma ware made In accordance Wsh ASTaI Standard E408 . and were

wWvd to the Insbumoro aeors deacnbed In RNerence 2.	 The eler•Cunble Inhamd

Relkcbmeta has an accuracy bMtt IMn 50.02 emlaanco uMS

Momspner ,41 emmsnea, q, Was 'Ww2urd decd)/ From normal Marano rafuss uav

W MenrarYllaC aM Nrdwleea/ OuMd rMrelalbn between nwrYWmrdpl atl rprmal erNUly))

as Mown in voura 1315 d refa reme a.

prs nTa

Measurements wro mMe in the a awimate center of Own tad coupon. Reauas at

010b moaswaswMa ere as blbwr
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CARBOLTNE PRODUCT DATA

.............

0451507
•	 AITACMLNT

Page 3 of 3

Ernirta"s of pt" Carbonno 16740900 Black Palm Samples

TSW	 Named MORASOML-9

Suva Dest'"ba	 LTanartea	 eM""V

Abracko lll^

I 
Came 48744000 Black	 of	 IIS.94	 0.875	 0.330

Baked to Cliff

Abru)ve 9139t
I CM 4874-000 Mack	 82	 118-94	 0.815	 0.00

Bak6d%*CW*

A=VM 01x1
I Coal 4614.C900 Black	 83	 117-24 	 0.815	 0.830

Baked W Cum

AbrasIve Blame
2 CoM 4874-0900 UlUk	 84	 116-94	 0.982	 0.830
naked " cuff

Amain 1111*1
IcoalcarbazM11	 as	 119-94 0.033 	 0.725
, Coal 4614-C."O MACK
D.k.d I* ewe

'NOTE: AtMupri the w.Curwy of ms wayidra Inatelmms dots nDt WAFY dace signilk;fM
fqxros am thkd c1lak is FWAInK autncVd. 1. War 0 Mcide W.nd3.

7. XS Naluff, EE Ltlefte. and J.T. 8 	 9. *A Dov;ce for the P-W4 WfUlfarrard Go
7aw	 Someemn Ro,*rft W50, 760 (t9M.

L R.P. Park VE Wroi, of Portable Optical PmPaq M",amnerrent E quipffilm fOr SOLT
llclact)n Stufacm.' ASME Paper 77-WArSOL.I. .1277.

3. EAC, Eckatt and FLK Or". Jt, Hear and Mass Tnnfaf- 2nd Edition MW;raa NO Book
convarw. Nwywk (1959).

•
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CLASS THERMAL CONDUCTIVITY DATA

HYBRID LAW/PNL4800 GLASS PROPERTIES

Tcmperaure
i,Ci

Thermal
Conductivity

25 1

200 1.12
300 1.14

400 1.2
500 1.29
600 1.41
700 1.57
goo 1.76
900 1.98
1000 2.24
1400 10

2000 32

Hybrid LAW/PNL-4800
^ -13.1♦1119 1 i - R!InJgeIIwiPIItT—

1.01 —s—LAWGIass

rrrrrr rrLn,_ rrrrrrr rrrrr.
r^^^^^^^^ ^rrrrrrrrrrr ^

rs_r_r_r_rr^irr_rCr_I^i
rrrrrr7tiirrrr ^I n 	 rrrrrr►irrrrrrr r	 rrrrr ^rrrrrrl

I n 	

rrrrrQ^rrrrrr
n 	 rrrrr^^rrrrrrrn 	 rrrrr•.rrrrrrr. .	 : ^ ^	 rrrrr^^rrrrrrr

0	 500	 1000	 1500
	

2000	 2500

Temperature rCI

Calculation Shrce QAP 11. It". 6(11-15-03)
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APPENDIX C

ANSYS" CASE INPUT LISTINGS

•

•

0
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CASE 3.1: ICVr" BOX SIDEWALL BASE CASE CONDITIONS —110C CASTABLE REFRACTORY
BACKING

12D BulkVit SideWall Heat Trasnfer Simulation
I Leaking Glass (Pure Glass) Scenario - no leaking glass In this base case
I Modeled effect of side concrete shield wall
! e box = 0.8 (painted with carboline 4700); a conc = 0.6
! Modeled case of 60PC backed by 110C (no sand)

FINISH
/cle
/prep?
/triad,rbot
/title, Glass Slab Sidewall Model - Case 3.1

ISet Element Types
ET,1, PLANE55	 (Conduction Area
KEYOPT,1,1,1

ANTYPE,O

TOFFST,273	 (Celsius
NSUBST,100
Tunif,100

ISet Material Properties
lCastable Refractory
MAT,1
MP,KXX,1,1.44

IS" Castable Refractory 110 C
Mat.2
MPTEMP
MPTEMP,1,25.540,815,1200,1500
MPDATA,Kxx,2,1,1,0.86,0.78,0.668,0.534

(Glass (Hybrid LAWIPNL4800 Data)
Mat,3
MPTEMP
M PTEM P,1,25,200, 300,400,500,600
M P DATA, Kxx, 3,1,1,1.12,1.14,1.2,1.29,1.41
MPTEMP,7,700,800,900,1000,1400,2000
M P DATA, Kxx, 3,7,1.57,1.76,1.98, 2.24,10, 32

! Combined Free & Radiation Heat Transfer Coefficieitn - Vertical Surface
I Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
!Assumes TO= 100-C
MAT,4
MPTEMP
MPTEMP,1, 55, 65, 75, 85, 95, 100
MPDATA,hf,4,1,0.5, 1.0, 1.7, 2.6, 3.8, 6.1
MPTEMP,7, 125, 150, 175, 200, 225.250

0

•

•
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MPDATA,hf,4,7,10.6, 12.3, 13.8, 15.2, 16.5, 17.9
MPTEMP,13, 275, 300, 325, 350, 375, 400
MPDATA,hf,4,13,19.3, 20.8, 22.3, 23.8, 25.4, 27.1
MPTEMP,19, 425, 450, 475, 500, 525, 550
MPDATA,hf,4,19, 28.9, 30.7, 32.6, 34.7, 36.8, 39.0
MPTEMP,25, 575, 600
MPDATA,hf,4,25, 41.3, 43.7

(Generate Keypoints
k,1, 0,0
k2,0.2720.0
k,3, 0.3048,0
k,5.0.1524,0
k.6,0.0.3048
k,7, 0.1524,0.3048
k,8, 0.2720,0.3048
k,9, 0.3048,0.3048

!Create Lines
L,1,5,
L,5,2,
L,2,3,
L,3,9
L,8,9
L,7,8
L,6,7,
L,1,6
L,5,7
L,2,8

!Generate Areas
A,1,5,7,6
A,5,2,8,7
A,2,3,9,8

(Mesh Areas
type,l
esiz,0.00635
amesh,all

[Assign Materials to Areas
asel„area„1
esla
emod,ail,mat,1

asel„area„ 2
esla
emod,ait,mat,2
alls

asel„area„ 3
esla
emod,all,mat,2

0

40

0
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ails

NSEL,S,LOC,X,0.3048 I right edge
SF,ALL,CONV,-4,100 I apply convection and ambient IOOC
NSELALL

NSEL,S,LOC,X,O I select nodes on left side
D,ALL,TEMP,1300 I apply fixed temp of 13000
NSELALL

fin!
/solu
SOLVE
FINISH

/POST1
PRNSOL,TEMP I PRINT NODAL TEMPERATURES
prnsol,temp	 I List Temperatures at Nodes

I

a

•
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CASE 3.2: ICVT`r BOX SIDENVALL BASE CASE CONDITIONS — SAND BACKING

12D BulkVit SideWall Heat Transfer Simulation
I Leaking Glass (Pure Glass) Scenario - no leaking glass in this base case
1 Modeled effect of side concrete shield wall
I e box = 0.8 (painted with carboline 4700); a conc = 0.6

FINISH
/cle
/prep?
/tdad,rbot
/title, Glass Slab Sidewall Model - Case 3.2

ISet Element Types
ET,1, PLANE55	 !Conduction Area
KEYOPT,1,1,1

ANTYPE.0

TOFFST,273	 !Celsius
NSUBST,100
Tunif,100

!Set Material Properties
ICastable Refractory
MAT,1
MP,KXX,1,1.44

(Sand
Mat,2
MPTEMP,1,25,200,300,600,1000
MPDATA,Kxx,2,1,0.17,0.25,0.285,0.38,0.55

!Glass (Hybrid LAW/PNL-4800 Data)
Mat.3
MPTEMP
MPTEM P,1,25,200,300,400, 500,600
M P DATA, K x x, 3,1,1,1.12 ,1.14,1.2,1.2 9,1.41
MPTEMP,7,700,800,900,1000,1400,2000
MPDATA,Kxx.3,7,1.57,1.76,1.98,2.24,10,32

I Combined Free & Radiation Heat Transfer Coefficieitn - Vertical Surface
I Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
1 Assumes Tint =100°C
MAT,4
MPTEMP
MPTEMP,1, 55, 65, 75, 85, 95, 100
MPDATA,hf,4,1,0.5, 1.0, 1.7, 2.6, 3.8, 6.1
MPTEMP,7, 125, 150, 175, 200, 225, 250
MPDATA,hf,4,7,10.6, 12.3, 13.8, 15.2, 16.5, 17.9
MPTEMP,13, 275, 300, 325, 350, 375,400

C7

•
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F S CALCULATION SHEET

Project No. 0509206.01	 Calculation No. 0509206.01•M-001 	 Rev. No. 1 Page No. 51 of 97

Title: DBVS 1CVTM Box Thermal Analysis

Prepared By: P.S. Lowery 	 I Date: 3120/06	 Checked By: S.R. Pierce 	 Date: 3/20/06

MPDATA,hf,4,13,19.3, 20.8, 22.3, 23.8, 25.4, 27.1
MPTEMP,19, 425, 450, 475, 500, 525, 550
MPDATA,hf,4,19, 28.9, 30.7, 32.6, 34.7, 36.8, 39.0
MPTEMP,25, 575, 600
MPDATA,hf,4,25, 41.3, 43.7

(Generate Keypoints
k,1, 0,0
k,2, 0.2720,0
k,3, 0.3048,0
k,5.0.1524.0
k.6.0,0.3048
k.7,0.1524.0.3048
k,8, 0.2720,0.3048
k,9, 0.3048,0.3048

!Create Lines
L,1,5,
L,5,2,
L,2,3,
L,3,9
L,8,9
L,7,8
L,6,7,
L,1,6
L,5,7
L,2,8

(Generate Areas
A,1,5,7,6
A,5,2,8,7
A,2,3,9,8

! Mesh Areas
type,1
esiz,0.00635
amesh,all

!Assign Materials to Areas
asel„area„ 1
esla
emod,all,mat,1

asel„area„ 2
esla
emod,all,mat,2
alts

asel„area„ 3
esla
emod,all,mat,2
alls

•

0

•
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(9i) CALCULATION SHEET

Project No. 0509206.01 Calculation No. 0509206.01-M-001 Rev. No. l Page No. 52 of 97
Title: DBVS ICVTm Box Thermal Analysis

Prepared By: P.S. Lowery I Date: 320/06	 1 Checked By: S.R. Pierce	 Date: 320/06

NSEL,S,LOC,X,0.3048 1 right edge
SF,ALL,COW.-4,100 I apply convection and ambient 1000
NSELALL

NSEL,S,LOC,X,O 1 select nodes on left side
DALL,TEMP,1300 I apply fixed temp of 13000
NSELALL

fini
/solu
SOLVE
FINISH

/POST1
PRNSOL,TEMP I PRINT NODAL TEMPERATURES
prnsol,temp	 1 List Temperatures at Nodes

•

E
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K, F S CALCULATION SIIEET

Project No. 050921	 01 Calculation No. 0509206.01-M-00I Rev. No. I Page No. 53 of 97

Title: DBVS ICV7M Box Thermal Analysis

Prepared By: P.S. Lowery I Date: 370106	 1 Checked By: S.R. Pierce	 Date: 320106

CASE 3.3.1: 1300°C MELT/60PC INTERFACE CONDITIONS

FINISH
/cle
/prep7
Ariad,rbot
!title, Glass Slab Sidewall Model -Case 3.3.1

ISet Element Types
ET,1, PLANE55	 (Conduction Area
KEYOPT,1,1,1

ANTYPE.0

TOFFST,273	 !Celsius
NSUBST,100
Tunif,100

!Set Material Properties
!Castable Refractory
MAT,1
MP,KXX,1,1.44

(Sand
Mat.2
MPTEMP,1,25,200,300,600,1000
MPDATA, Kxx,2,1,0.17,0.25,0.285,0.38, 0.55

!Glass (Hybrid LAW/PNL4800 Data)
Mat,3
MPTEMP
MPTEMP,1,25,200,300,400,500,600
MPDATA,Kxx,3,1,1,1.12,1.14,1.2,1.29,1.41
MPTEMP,7,700,800,900,1000,1400,2000
MPDATA,Kxx.3,7,1.57,1.76,1.98,2.24,10,32

I Combined Free & Radiation Heat Transfer Coefficieitn - Vertical Surface
! Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
[Assumes Tinf = 100°C
MAT,4
MPTEMP
MPTEMP,1, 55, 65, 75, 85, 95, 100
MPDATA,hf,4,1,0.5, 1.0, 1.7, 2.6, 3.8, 6.1
MPTEMP,7, 125, 150, 175, 200, 225.250
MPDATA,hf,4,7,10.6, 12.3, 13.8, 15.2, 16.5, 17.9
MPTEMP,13, 275, 300, 325, 350, 375,00
MPDATA,hf,4,13,19.3, 20.8, 22.3, 23.8, 25.4, 27.1
MPTEMP,19, 425, 450, 475, 500, 525, 550
MPDATA,hf,4,19, 28.9, 30.7, 32.6, 34.7, 36.8, 39.0
MPTEMP,25, 575, 600
MPDATA,hf,4,25, 41.3, 43.7

0

0

0
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A	 F S CALCULATION SHEETcasra^,t,a.

Project No. 0509206.01	 Calculation No.0509206.01-M 001 Rev. No. I	 Page No. 54 of 97

Tide: DBVS ICVT!" Box Thermal Analysis

Prepared By: P.S. Lowery 	Date: 3120/06	 Checked By: S.R. Pierce	 Date: 3/20/06

(Generate Keypoints
k,1, 0,0
k,2, 0.2500,0
k,3, 0.3048,0
k,4, 0,0.0254
k,5, 0.1524,0.0254
k,6, 0.0.3048
k,7, 0.1524,0.3048
k,8, 0.2500,0.3048
k,9, 0.3048,0.3048

(Create LinesL,1,2,L,2,3,
L,3,9
L,8,9
L,7,8
L,6,7,
L,4,6,
L,1,4
L,4.5
L,5,7
L,2,8

!Generate Areas
A,4,5,7,6
A,1,2,8,7,5,4
A,2,3,9,8

!Mesh Areas
type,1
esiz,0.00635
amesh,all

Assign Materials to Areas
asei„area„ 1
esla
emod,all,mat,1

asel„area„ 2
esla
emod,oll,mat,3
ails

asei„area„ 3
esla
emod,all,mat,2
ails

NSEL,S,LOC,X,0.3048	 I right edge
SF,ALL,CONV,4 ,100	 I apply convection and ambient 1000

0

RPP-24544 REV I 
145579-D-CA-001 Revision 2 A

tt

achment T
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•	 A kgE 5	 CALCULATION SHEET

Project No. 0509206.01	 Calculation No. 0509206.01-M-001	 Rev. No. 1	 Page No. 55 of 97

Title: DBVS ICVTA1 Box Thermal Analysis
Prepared By: P.S. Lowery	 Date: 3120/06	 1 Checked By: S.R. Pierce	 Date: 3/20106

NSEL,ALL

NSEL,S,LOC,X,O	 I select nodes on left side
DALL,TEMP,1300	 I apply fixed temp of 13000
NSELALL

fini
/solu
SOLVE
FINISH

/POST?
PRNSOL,TEMP	 I PRINT NODAL TEMPERATURES
pmsol,temp	 I List Temperatures at Nodes

I

r
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Al E 5 CALCULATION SHEET
ea,ro„nor

Project No. 0509206.01 Calculation No. 0509206.01-M-001 Rev. No. I	 Page No. 56 of 97

Title: DBVS ICVTm Box Thermal Analysis

Prepared By: P.S. Lowe ry 	
I

Date: 3120/06	 1 Checked By: S.R. Pie rce	 Date: 3/20106

CASE 3.3.2: 1500eC MELT/60PC INTERFACE CONDITIONS

FINISH
/cle
/prep7
rt riad,rbot
Aide, Glass Slab Sidewall Model - Case 3.3.2

ISet Element Types
ET,1, PLANE55	 !Conduction Area
KEYOPT,1,1,1

ANTYPE,O

TOFFST,273	 (Celsius
NSUBST,100
Tunif,100

(Set Mate
ri
al Prope rties

!Caslable Refracto ry

MAT,1
MP,KXX,1,1.44

(Sand

Mat,2
MPTEMP,1.25,200,300,600,1000
b1PDATA,Kxx,2,1,0.17,0.25,0.285,0.38,0.55

!Glass (Hybrid LAW/PNL-4800 Data)
Mat,3
MPTEMP
M PTEM P,1,25,200,300,400, 500,600
M P DATA, Kxx, 3,1,1,1.12,1.14,1.2,1.2 9,1.41
M PTE MP,7,700, 800,900,1000,1400,2000
M P DATA, Kxx, 3, 7,1.57,1.76,1.98, 2.24,10, 32

! Combined Free & Radiation Heat Transfer Coefficieitn - Ve rtical Surface
I Models emissivity of box @ 0.8 8 concrete shield walls @ 0.6
1 Assumes Tin t' =100°C
MAT,4
MPTEMP

MPTEMP,1, 55, 65, 75, 85, 95, 100
MPDATA,hf,4,1,0.5,1.0, 1.7, 2.6, 3.8.6.1
MPTEMP,7, 125,150, 175, 200, 225,250
MPDATA,hf,4,7,10.6, 12.3,13.8, 15.2, 16.5, 17.9
MPTEMP,13, 275, 300, 325, 350, 375,400
MPDATA,hf,4,13,19.3, 20.8, 22.3, 23.8, 25.4, 27.1
MPTEMP,19, 425, 450, 475, 500, 525, 550
MPDATA,hf,4,19, 28.9, 30.7, 32.6, 34.7, 36.8, 39.0
MPTEMP,25, 575.600
MPDATA,hf,4,25, 41.3, 43.7

0

U
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• k EA 	 CALCULATION SHEET

Project No. 0509206.01	 Calculation No. 0509206.01-M-001	 Rev. No. l	 Page No. 57 of 97

Tide: DBVS ICVTM Box Thermal Analysis

Prepared By: P.S. Lowery	 Date: 3/20/06	 Checked By: S.R. Pierce	 Date: 3/20/06

(Generate Keypoints
k,1, 0,0
k.2,0.2725.0
k,3, 0.3048,0
k,4, 0,0.0254
k,5, 0.1524,0.0254
k,6, 0,0.3048
k,7, 0.1524,0.3048
k,8, 0.2725,0.3048
k,9, 0.3048,0.3048

(Create Lines
L,1,2,
L,2,3,
L,3,9
L,8,9
L,7,8
L,6,7,
L,4,6,
L,1,4
L,4,5
L,5,7
L,2,8

!Generate Areas
A,4,5,7,6
A,1,2,8.7,5,4
A,2,3,9,8

1Mesh Areas
type.l
esiz,0.00635
amesh,all

Assign Materials to Areas
asel„area„1
esla
emod,all,mat,1

asel„area„ 2
esla
emod,all,mat,3
ails

asei„area„ 3
esla
emod,all,mat,2
ails

NSEL,S,LOC,X,0.3048	 fright edge
SF,ALL,COW.-4,100	 I apply convection and ambient 1000
NSEL,ALL•

RPP-24544 REV I 
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9, CALCULATION SHEET

Project No. 0509206.01 Calculation No. 0509206.01-M-001 	 Rev. No. 1	 Page No. 58 of 97

Title: DBVS ICVTM Box Thermal Analysis

Prepared By: P.S. Lowery	 I Date: 3/20/06	 1 Checked By: S.R. Pierce	 Date: 3120/06

NSEL,S,LOC,X,O	 I select nodes on left side
D,ALL,TEMP,1500 	 I apply fixed temp of 15000
NSELALL

fin!
/solu
SOLVE
FINISH

/POST?
PRNSOL,TEMP	 I PRINT NODAL TEMPERATURES
pmsol,temp	 I List Temperatures at Nodes

E

•
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S^E CALCULATION SHEET

Project No. 0509206.01	 Calculation No. 0509206.01-M-001 Rev. No. 1 Page No. 59 of 97

Ti tle: DBVS ICVTM Box Thermal Analysis

Prepared By: P.S. Lowery 	 I Date: 3/20/06	 1 Checked By: S.R. Pie rce	 Date: 3/20/06

CASE 3.33: 17000C MELT/60PC INTERFACE CONDITIONS

FINISH
Icle
/prep7
Adad,rbot
title, Glass Slab Sidewall Model - Case 3.3.3

ISet Element Types
ET,1, PLANE55	 !Conduction Area
KEYOPT,1,1,1

ANTYPE,O

TOFFST,273	 !Celsius
NSUBST,10o
Tunif,100

ISet Mate rial Properties
!Caslable Refractory

MAT,1
MP,KXX,1,1.44

!Sand

Mat,2
MPTEMP,1,25,200,300,600,1000
MPOATA,Kxx,2,1,0.17,0.25,0.285,0.38,0.55

!Glass (Hyb rid LAW/PNL-4800 Data)
Mat,3
MPTEMP
MPTEMP,1,25,200,300,400,500,600
M P DATA, Kxx, 3,1,1,1.12,1.14 ,1.2,12 9,1.41
MPTEMP,7,700,800,900,1000,1400,2000
M P DATA, Kxx, 3, 7,1.57,1.76,1.98, 2.24,10, 32

I Combined Free & Radiation Heat Transfer Coefficieiln - Vertical Surface
I Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
1 Assumes Tinf = 100°C
MAT,4
MPTEMP

MPTEMP, 1, 55, 65, 75, 85, 95, 100
MPDATA,hf,4,1,0.5,1.0, 1.7, 2.6, 3.8, 6.1
MPTEMP,7,125,150, 175, 200, 225, 250
MP DATA.hf,4,7,10.6, 12.3, 13.8, 15.2, 16.5, 17.9
MPTEMP, 13. 275, 300.325, 350, 375, 400
MP DATA.hf,4,13,19.3, 20.8, 22.3, 23.8, 25.4, 27.1
MPTEMP, 19, 425, 450, 475, 500, 525, 550
MPDATA,hf,4,19, 28.9, 30.7, 32.6, 34.7, 36.8, 39.0
MPTEMP,25, 575, 600

r--IU

E
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CALCULATION SHEET

Project No. 0509206.01	 Calculation No. 0509206.01-M-001 Rev. No. 1	 Page No. 60 of 97

Title: DBVS ICVTm Box Thermal Analysis

Prepared By: P.S. Lowe ry 	Date: 3/20/06	 Checked By: S.R. Pierce	 Date: 3/20106

MPDATA,hf,4,25, 41.3, 43.7

!Generate Keypoints
k,t, 0,0
k,2, 0.2875,0
0, 0.3048,0
k,4, 0,0.0254
k,5.0.1524.0.0254
k.6,0,0.3048
k,7, 0.1524,0.3048
k,8, 0.2875,0.3048
k,9, 0.3048,0.3048

!Create Lines

L,2,3,
L,3,9
L,8,9
L,7,8
L,6,7,
L,4,6,
L,1,4
L,4.5
L,5,7
L,2,8

!Generate Areas
A,4,5,7,6
A,1,2,8,7,5.4
A,2,3,9,8

(Mesh Areas
type,l
esiz,0.00635
amesh,all

Assign Materials to Areas
asel„area„1
esla
ernod,all,mat,1

asei„area„ 2
esla
emod,all,mat,3
alls

asei„area„ 3
esla
emod,alt,mat.2
ails

NSEL S,LOC,X,0.3048	 I right edge•

RPP-24544 REV I 
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A,% E S CALCULATION SHEET

Project  No.0509206.01 Calculation No. 0509206.01-M-001 Rev. No. I	 Page No. 61 of 97

Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery 	 I Date: 3/20/06	 1 Checked By: S.R. Pierce	 Date: 3/20/06

SF,ALL,CONV,-4,100 I apply convection and ambient 1000
NSEL,ALL

NSEL,S,LOC,X,O I select nodes on left side
D,ALL,TEMP,1700 I apply fixed temp of 17000
NSEL,ALL

fini
/solu
SOLVE
FINISH

/POST1
PRNSOL,TEMP I PRINT NODAL TEMPERATURES
pmsol,temp 1 List Temperatures at Nodes

0

is

•
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k,F,S CALCULATION SHEET

Project No. 0509206.01 Calculation No. 0509206.01-M-001	 Rev. No. 1 Page No. 62 of 97

Title: DBVS ICVTM Box Thermal Analysis

Prepared By: P.S. Lowery	 I Date: 3/20/06	 1 Checked By: S.R. Pierce	 Date: 3120/06

CASE 33.4: 1700°C MELT/60PC INTERFACE CONDITIONS; REDUCED SURFACE HEAT
TRANSFER COEFFICIENTS

FINISH
/cle
/prep?
/tdad,rbot
/title, Glass Slab Sidewall Model - Case 3.3.4

!Set Element Types
ET,1, PLANE55	 (Conduction Area
KEYOPT,1,1,1

ANTYPE,O

TOFFST,273	 !Celsius
NSUBST,100
Tunif,100

!Set Material Properties
!Castable Refractory
MAT,1
MP,KXX,1,1.44

!Sand
Mat,2
MPTEMP,1,25,200,300,600,1000
M P DATA, K x x, 2,1, 0.17, 0.2 5 , 0.2 8 5, 0.3 8, 0.5 5

!Glass (Hybrid LAW/PNL4800 Data)
Mal,3
MPTEMP
MPTEM P,1,25,200,300,400,500,600
MPDATA,Kxx,3,1,1,1.12,1.14,1.2,1.29,1.41
MPTEMP,7,700,800,900,1000,1400.2000
M P DATA, K x x, 3, 7,1.57,1.76,1.98, 2.24 ,10, 32

1 Combined Free & Radiation Heat Transfer Coefficient - Vertical Surface
I Y2x Nominal Values Case
I Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
1 Assumes Tinf = 100°C
MAT,4
MPTEMP
MPTEMP,1, 55, 65, 75, 85, 95, 100
MPDATA,hf,4,1,0.2, 0.5.0.9, 1.3,1.9, 3.1
MPTEMP,7, 125,150, 175, 200, 225, 250
MPDATA,hf,4,7,5.3, 6.2, 6.9, 7.6, 8.3, 9.0
MPTEMP,13, 275, 300, 325, 350, 375,400
MPDATA,hf,4,13,9.7, 10.4, 11.1, 11.9, 12.7, 13.6
MPTEMP,19, 425, 450, 475, 500, 525.550
MPDATA,hf,4,19, 14.4, 15.4, 16.3, 17.3, 18.4, 19.5

is

n
U
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•	 A k EF S	 CALCULATION SHEET

Project No. 0509206.01	 Calculation No. 0509206.01-M-001	 Rev. No. 1	 Page No. 63 of 97

Title: DBVS ICVTM Box Thermal Analysis

Prepared By: P.S. Lowery	 Date: 3/20106	 Checked By: S.R. Picrce	 Date: 3/20/06

MPTEMP,25, 575, 600
MPDATA,hf,4,25, 20.6, 21.8

!Generate Keypoints
k,1, 0,0
k,2, 0.2920,0
k,3, 0.3048,0
k.4.0.0.0254
k,5, 0.1524,0.0254
k,6.0,0.3048
k,7, 0.1524,0.3048
k.8,0.2920.0.3048
k.9.0.3048,0.3048

!Create Lines
L,1,2,
L,2,3,
L,3,9
L,8,9
L,7,8
L,6,7,
L,4,6,
L,1,4
L,4,5
L,5,7
L,2,8

!Generate Areas
A,4,5,7,6
A,1,2,8,7,5,4
A,2,3,9,8

(Mesh Areas
bpe.1
esiz,0.00635
amesh,all

(Assign Materials to Areas
asel„area„ 1
esla
emod,all,mat,1

asel„area„ 2
esla
emod,all,mat,3
ails

asel„area„ 3
esla
emod,all,mat,2
ails

•
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A	 = S CALCULATION SHEETeowwoww„or.

Project No. 0509206.01 Calculation No. 0509206.01-M-001 Rev. No. I	 Page No. 64 of 97

Title: DBVS 1CVTM Box Thermal Analysis

Prepared By: P.S. Lowe ry I Date: 3/20106	 1 Checked By: S.R. Pierce	 Date: 3/20106

NSEL,S,LOC,X,0.3048 I right edge
SF,ALL,CONV,11,100 I apply convection and ambient 1000
NSELALL

NSEL,S• LOC,X,O I select nodes on left side
DALL,TEMP,1700 I apply fixed temp of 17000
NSELALL

fini
/solu
SOLVE
FINISH

/POSTt
PRNSOL,TEMP I PRINT NODAL TEMPERATURES
pmsol,temp	 I List Temperatures at Nodes

•

RPP-24544 REV lc
145579-D-CA-001 Revision 2 Attachment 1

Calculation Sheet QAP 3. 1. Rev. 6(11-15-05)
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A7D
CALCULATION SIIEET

Project No. 0509206.01 Calculation No. 0509206.01-M-001	 Rev. No. l	 Page No. 65 of 97

Title: DBVS ICV fm Box Thermal Analysis

Prepared By: P.S. Lowery	 I Date: 3/20106	 1 Checked By: S.R. Pierce	 Date: 3/20106

CASE 335: 1700°C MELT/60PC INTERFACE CONDITIONS; INCREASED SURFACE IIEAT
TRANSFER COEFFICIENTS

FINISH
/cle
/prep?
Ariad,rbot
Aitle, Glass Slab Sidewall Model - Case 3.3.5

[Set Element Types
ET,1, PLANE55	 !Conduction Area
KEYOPT,1,1,1

ANTYPE,0

TOFFST,273	 !Celsius
NSUBST,100
Tunif,100

ISet Material Properties
!Castable Refractory
MAT,1
MP,KXX,1,1.44

!Sand
Mat,2
MPTEMP,1,25,200, 300, 600,1000
MPDATA,Kxx,2,1,0.17,0.25,0.285,0.38,0.55

!Glass (Hybrid LAW/PNL4800 Data)
MaL3
MPTEMP
MPTE M P,1,25,200,300,400, 500, 600
M P DA TA, Kx x, 3,1,1,1.12,1.14,1.2,1.29,1.41
M PTEMP,7,700,800,900,1000,1400, 2000
MPDATA,Kxx,3,7,1.57,1.76,1.98,2.24,10,32

I Combined Free & Radiation Heat Transfer Coefficient - Vertical Surface
12x Nominal Values Case
I Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
1 Assumes Tinf = 100°C
MAT,4
MPTEMP
MPTEMP,1, 55, 65, 75, 85, 95, 100
MPDATA,hf,4,1,0.9, 2.1, 3.4, 5.1, 7.6, 12.3
MPTEMP,7,125,150, 175, 200, 225, 250
MPDATA,hf,4,7,21.3.24.7, 27.6, 30.4, 33.1, 35.8
MPTEMP,13, 275, 300, 325, 350, 375, 400
MPDATA,hf,4,13,38.6, 41.5, 44.5, 47.6, 50.9, 54.2
MPTEMP,19, 425, 450, 475, 500, 525, 550
MPDATA,hf,4,19, 57.8, 61.4, 65.3, 69.3, 73.5, 77.9

C ì

r-7
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Ao„^^ CALCULATION SHEET
I

Project No. 0509206.0 1 	Calculation  No. 0509206.01-M-001 Rev. No. 1 Page No. 66 of 97

Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery 	Date: 3/20/06	 Checked By: S.R. Pierce 	 Date: 3/20106
MPTEMP,25, 575, 600
MPDATA,hf,4,25, 82.5, 87.3

lGenerate Keypoints
k,1, 0,0
k.2,0.2825.0
k.3.0.3048.0
k,4, 0,0.0254
k,5, 0.1524,0.0254
k,6, 0,0.3048
k.7,0.1524.0.3048
k,8, 0.2825,0.3048
k,9, 0.3048,0.3048

(Create Lines
L,1,2,
L,2,3,
L,3,9
LAB
L,7,8
L,6,7,
LAA
L,1,4i L,4,5
L,5,7
L,2.8

!Generate Areas
A,4,5,7,6
A,1,2,8,7,5,4
A,2,3,9,8

!Mesh Areas
type,t

esiz,0.00635
amesh,all

!Assign Mate ri
als to Areas

asel„a rea„ 1
esla
emod,all,mat,1

asel„a rea„ 2
esla
emod,an,mat,3
alls

asel„area„ 3
esla
emod,all,mat,2
ails

1.

•
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CALCULATION SHEET

I

Project No. 0509206.01 Calculation No. 0509206.01-M-001 	 Rev. No. I Page No. 67 of 97

Title: DBVS 1CVTm Box Thermal Analysis

Prepared By: P.S. Lowery
I

Date: 3120/06	 1 Checked By: S.R. Pierce	 Date: 3/20/06
NSEL,S,LOC,X,0.3048 I right edge
SFALL,CONV,4,100 1 apply convection and ambient 1000
NSELALL

NSEL,S,LOC,X,O I select nodes on left side
DALL,TEMP,1700 I apply fixed temp of 17000
NSELALL

fini
/solu
SOLVE
FINISH

/POST1
PRNSOL,TEMP 1 PRINT NODAL TEMPERATURES
prnsol,temp	 I List Temperatures at Nodes

Is

1]

•
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A.k, E S CALCULATION SHEET

Project No. 0509206.01	 Calculation No. 0509206.01•M-001	 Rev. No. 1 Page No. 68 of 97

Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowe ry 	Date: 3/20/06	 Checked By: S.R. Pierce	 Datc: 3/20/06

CASE 4.1: ICVr"t BOX BOTTOM BASE CASE CONDITIONS

1 2D Bulkvt Bottom Wall Heat Transfer Simulation
I Base Case for Leaking Glass (Pure Glass) Scenario - no Leak in this model
I Sand-centered ease
I No Gap between box skin & tube steel

/title, Box Bottom Heat Transfer - Case 4.1

/prep7

antype, 0
toffst, 273
tunif,100

I Define element type
et,t, plane55
keyopt, 1,1,1

(Specify Mater!al Properties

16" Castable Refractory 60 PC
MAT,1
MP,KXX,1,1.44,

18" Castable Refractory 110 C
Mat,2
MPTEMP
MPTEM P • 1,25.540,815,1200,1500
MPDATA, Kxx,2,1,1,0.86,0.78,0.668,0.534

ISteelLining/TS 6x6
Mat,3
MPTEMP
MPTEMP,1,27,127,327,527,727,
MPDATA,Kxx•3,1,60.5.56.7,48,39.2,30,

Wr Conductivity
Mat,4
MPTEMP
MPTEM P,1,27,127,327,527,727,
MPDATA,Kxx,4,1,0.0261,0.0331,0.0456, 0.0569,0.0672,

[Sand
Mat,5
MPTEMP
MPTEMP,1,25,200,300,600,1000
M P DATA, Kxx, 5,1,0.17, 0.25, 0.285, 0.38, 0.55

1 Combined Free & Radiation Heat Transfer Coefficient - horizontal Surface
I Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
!Assumes Tinf = 100°C

0

•
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A ; c S CALCULATION SHEETCall/a11 .^110M

Project No. 0509206 .01 Calculation No. 0509206 .01-M-001 Rev. No. I	 Page No. 69 of 97

Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery 	Date: 3/20106	 Checked By: S.R. Pierce 	 Date: 3120/06

MAT,6
MPTEMP

MPTEMP,1, 25, 35, 45, 55, 65, 75
MPDATA,hf,6,1, 1.6, 1.9, 2.3, 2.7, 3.1, 3.5
MPTEMP,7,85, 95, 100, 125, 150,175
MPDATA,hf,6,7, 4.1, 4.8, 6.1, 8.8, 10.0, 11.2
MPTEMP,13, 200, 225, 250, 275, 300, 325
MPDATA,hf,6,13, 12.3, 13.4, 14.6,115.8, 17.1,18.5
MPTEMP,19, 350, 375, 400, 425, 450, 475
MPDATA,hf,6,19, 19.9, 21.4, 23.0, 24.6, 26.3, 28.2
MPTEMP,25, 500, 525, 550, 575, 600
MPDATA,hf,6,25, 30.1, 32.1, 34.2, 36.4, 38.7

Nertical Convection (Not used in this model)
MAT,7
MPTEMP

M PTE M P,1,100,105,110,115,120,12 5
MPDATA,hf,7,1,0.0,8.5,9.2,9.8,10.2,10.6
MPTEMP,7,150,175,200,225,250,300
MPDATA, hf,7,7,12.3,13.8,15.2,16.5,17.9,20.8

Air Conductivity
Mat,8
MPTEMP

MPTEMP,1,27,127,327, 527,727,
MPDATA,Kxx,8,1,0.0261,0.0331,0.0456,0.0569,0.0672,

!Glass (Hybrid LAW/PN1-0800 Data)
Mat,9
MPTEfu1P
MPTEMP,1,25,200,300,400,500,600
MPDATA,Kxx,9,1,1,1.12,1.14,1.2,1.29,1.41
MPTEMP,7,700, 800,900,1000,1400.2000
MPDATA,Kxx,9,7,1.57,1.76,1.98,2.24,10,32

! keypoints - Sand-centered case

k,1,	 0,0
k, 2, 0.15240, 0
k, 3, 0.35560, 0
k, 4.0.36195, 0
k, 5, 0.15240, 0.0635
k, 6, 0.30798, 0.0635
k, 7, 0.35560, 0.0635
k,12,	 0, 0.165100
k,13, 0.15240.0.165100
k,14,	 0, 0.190500
k, 15, 0.15240, 0.190500

k,20,0.15240. 0.2921
k,21, 0.30798, 0.2921
k,22, 0.35560, 0.2921
k,23,	 0, 0.3556
k,24, 0.15240, 0.3556

is

0
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AR,F ^ CALCULATION SHEET

Project No. 0509206 .01	 Calculation No. 0509206 .01-M-001	 17ev. No. I I Page No. 70 of 97

Title: DBVS ICVTM Box Thermal Analysis

Prepared By: P.S. Lowery 	Date: 3/20/06	 Checked By: S.R. Pierce	 Date: 3/20/06

k,25, 0.35560, 0.3556
k,26, 0.36195, 0.3556

1 lines - sand-centered case

1,1,2
1,2,5
1,5,13
1,13,12

1,12,1

1,13,15

1,15,14
1,14,12

!,15,20
1,20,24
1,24,23
1,23,14

1,2,3
1,3,7
1,7,6
1,6,5

1,6,21
1,21,20

1,7,22
1,22,21

1,22,25
1,25,24

1,3,4
1,4,26
1,26,25

! areas -sand-centered case

a,1,2,5,13,12	 Al
a,12,13,15,14	 A2
a,14,15,20,24,23	 IA3
a,2,3,7,6,5	 A4
a,5,6,21,20,15,13	 A5
a,6,7,22,21	 A6
a,20,21,22,25,24	 IA7
a,3,4,26,25,22,7	 M

I Define mesh
type, 1
esize, 0.00635
amesh, all

•

•
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•	 f;S	 CALCULATION SHEET

Project No. 0509206.01	 Calculation No. 0509206.01-M-001	 Rev. No. l	 Page No. 71 of 97

Title: DBVS ICVr61 Box Thermal Analysis

Prepared By: P.S. Lowery	 Date: 320/06	 Checked By: S.R. Pierce 	 Date: 3120/06

(Assign Materials to Areas

asel„area„ 1
esla
emod,all,mat,1

asel„area„ 2
esta
emod,all,mat,t
ails

asel„area„ 3
esta
emod,all,mat,1
ails

asel„area„4
esla
emod,all,mat,2
ails

asel„area„5
esla
emod,all,mat,5
ails

asel„area„6
esla
emod,all,mat,5
ails

asel„area„7
esla
emod,all,mat,2
ails

asel„area„8
esla
emod,all,mat,3
ails

I Impose BCs - sand-centered ease

LSEL,S,LINE„ 24
NSLL„1
SF,ALL,C0NV,-6,100	 I apply horiz convection and ambient 1000

NSEL,S,LOC,X,O	 ! select nodes on left side
D,ALL,TEMP,1300	 t apply fixed temp of 13000
NSEL,ALL

1 Finished set-up. Now go to solver•
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145579-D-CA-001 Revision 2 Attachment 1

Calcul:uim Shoe QAP 3. I, Rcc. 6(11-15.05)

A6-194



A^R^,ES CALCULATION SHEET

Project No. 0509206.01	 Calculation No. 0509206.01 -M-001	 Rev. No. I Page No. 72 of 97

Ti tle: DBVS ICV rm Box Thermal Analysis

Prepared By: P.S. Lowery 	Date: 3/20/06	 1 Checked By: S.R. Pierce	 Date: 3120106

fini
/solu
save
finish

is

0
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Project No. 0509206 .01	 Calcul at ion No. 0509206 .01-M-001 Rev. No. 1 Page No. 73 or97

Title: DBVS ICV TM Box Thermal Analysis
Prepared By: P.S. Lowery 	 I Date: 3/20/06	 1 Checked By: S.R. Pierce	 Date: 3/20/06

CASE 4.2.1: ICVrm BOX BOTTOM 13000C MELT/60PC INTERFACE CONDITIONS

1 2D BulkVit Bo ttom Wall Heat Trasnfer Simulation
I Leaking Glass (Pure Glass) Scena rio
I Sand-centered case
I No Gap between box skin & tube steel

Ritle, Box Bo
tt

om Heat Transfer - Case 4.2.1

/prep?

antype, 0
toffst, 273
tunif,100

1 Define element type
et.1, plane55
keyopt, 1,1,1

!Specify Mate ria l Properties

16" Castable Refracto ry 60 PC
MAT,1
MP,KXX,1,1.44,

18" Castable Refracto ry 110 C
Mat,2
MPTEMP
MPTEMP,1,25, 540,815,1200,1500
M PDATA,Kxx,2,1,1,0.86,0.78,0.668,0.534

!Steel Llning/TS 6x6
Mal.3
MPTEMP
MPTEMP,1.27,127,327,527,727,
MPDATA,Kxx, 3,1,60.5,56.7,48,39.2,30,

Wr Conduct ivity
Mat,4
MPTEMP
MPTEMP,1,27,127,327,527,727,
M PDATA,Kxx,4,1,0.0261,0.0331,0.0456,0.0569,0.0672,

!Sand
Mat,5
MPTEMP
MPTEMP,1,25,200,300,600,1000
M P DATA, Kxx, 5,1, 0.17, 0.25, 0.285, 0.38, 0.55

1 Combined Free & Radiation Heat Transfer Coefficient - horizontal Surface

a

u

n
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A3 =$ CALCULATION SHEET
COOIOCA.,OY

Project No. 0509206.01 Calculation No. 0509206.01-M-001 Rev. No. I	 Page No. 74 of 97

Title: DBVS ICVT'" Box Thermal Analysis
Prepared By: P.S. Lowery 	 I Date: 3/20/06	 Checked By: S.R. Pierce 	 Date: 3/20/06

I Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
1 Assumes Tinf = 100°C
MAT,6
MPTEMP
MPTEMP,1, 25, 35, 45, 55, 65, 75
MPDATA,hf,6,1, 1.6, 1.9, 2.3, 2.7, 3.1, 3.5
MPTEMP,7,85, 95, 100, 125, 150, 175
MPDATA,hf,6,7, 4.1, 4.8, 6.1, 8.8, 10.0, 11.2
MPTEMP,13, 200, 225, 250, 275, 300, 325
MPDATA,hf,6,13, 12.3, 13.4, 14.6, 115.8, 17.1, 18.5
MPTEMP,19, 350, 375, 400, 425, 450, 475
MPDATA,hf,6,19, 19.9, 21.4, 23.0, 24.6, 26.3, 28.2
MPTEMP,25. 500, 525, 550, 575, 600
MPDATA,hf,6,25, 30.1, 32.1, 34.2, 36.4, 38.7

!Vertical Convection (Not used in this model)
MAT,7
MPTEMP
MPTEMP, 1,100,105,110,115,120,125
MPDATA,hf,7,1,0.0,8.5,9.2,9.8,10.2,10.6
MPTEMP,7,150,175,200,225,250,300
M P DATA, h f, 7, 7,12.3,13.8,15.2 ,16.5,17.9, 2 0.8

Air Conductivity
Mat,8
MPTEMP
MPTEM P,1,27,127,327, 527,727,
h1PDATA,Kxx,8,1,0.0261,0.0331,0.0456,0.0569,0.0672,

!Glass (Hybrid LAWPNL4800 Data)
Mat.9
MPTEMP
MPTEMP,1,25,200,300,400,500,600
MPDATA,Kxx,9,1,1,1.12,1.14,1.2,1.29,1.41
MPTEMP,7,700,800,900,1000,1400,2000
M P DATA, Kxx, 9, 7,1.57,1.76,1.9 8, 2.2 4 ,10, 32

I keypoints - Sand-centered case

k, 1,	 0.0
k, 2, 0.15240, 0
k, 3, 0.35560, 0
k, 4, 0.36195, 0
It. 5, 0.15240, 0.0635
k, 6, 0.27000, 0.0635
k, 7, 0.35560, 0.0635
k,12.	 0, 0.165100
k.13.0.15240.0.165100
k,14,	 0, 0.190500
k,15, 0.15240, 0.190500
k,20, 0.15240, 0.2921
k,21, 0.27000, 0.2921
k,22, 0.35560, 0.2921

•

0
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Project No. 0509206.01 	 Calculation No. 0509206.01•M-001 	 Rev. No. I Page No. 75 of 97

Tide: DBVS ICV rm Box Thermal Analysis

Prepared By: P.S. Lowery 	 Date: 3/20106	 Checked By: S.R. Pierce	 Date: 320/06

k,23,	 0, 0.3556
k,24, 0.15240, 0.3556
k,25, 0.35560, 0.3556
k,26, 0.36195, 0.3556

1 lines - sand-centered case

1,1,2
1,2,5
1,5,13
1,13,12
1,12,1

1,13,15
1,15,14
1,14,12

1,15,20
1,20,24
1,24,23
1,23,14

1,2,3
1,3,7
1,7,6
1,6,5

1,6,21
1,21,20

1,7,22
1,22,21

1,22,25
1,25,24

1,3,4
1,4,26
1,26,25

1 areas - sand-centered case

a,1,2,5,13,12	 IA1
x,12,13,15.14	 M2
a,14,15,20,24,23	 A3
a,2,3,7,6,5	 A4
a,5,6,21,20,15,13	 AS
a,6,7,22,21	 IA6
a,20,21,22.25,24	 A7
a,3,4,26,25,22,7	 A8

I Define mesh
type, t

iLJ

•
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A. 1% E;S CALCULATION SHEET

I

Project No. 0509206.01 Calculation No. 0509206.01-M-001 Rev. No. 1 Page No. 76 of 97

Tide: DBVS ICVTM Box Thermal Analysis

Prepared By: P.S. Lowery Date: 3120/06	 Checked By: S.R. Pierce	 Date: 3/20/06

esize, 0.00635
amesh, all

(Assign Materials to Areas

aset„area„ 1
esla
emod,all,mat,1

asel„area„ 2
esla
emod,all,mat,9
alls

asel„area„ 3
esla
emod,all,mat,1
ails

asel„area„4
esla
emod,all,mat,2

'	 ails

asel„area„5
esla
emod,all,mat,9
alls

asel„area„6
esla
emod,all,mat,5
ails

asel„area„7
esla
emod,all,mat,2
ails

asel„area„8
esla
emod,all,mat,3
ails

I Impose BCs - sand-centered case

LSEL,S,LINE„ 24
NSLL„ 1
SF,ALL,COW,a,100 I apply horiz convection and ambient 1000

NSEL,S,LOC,X,O I select nodes on left side
D,ALL,TEMP,1300 I apply fixed temp of 13000
NSEL ALLlJ

RPP-24544 REV I 
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2 E:Sc , a ,aa , noW	 CALCULATION SHEET

Project No. 0509206.01	 Calculation No. 0509206.01-M-001 	 Rev. No. I	 Page No. 77 of 97
Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery 	 Date: 3/20106	 Checked By: S.R. Pierce	 Date: 3/20/06

I Finished set-up. Now go to solver

fni
/solu
solve
finish

•

•
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S CALCULATION SHEET

Project No. 0509206.01	 Calculation No. 0509206.01-M-001 Rev. No. 1	 Page No. 79 of 97

Title: DBVS ICVTM Box Thermal Analysis

Prepared By: P.S. Lowery 	 I Date: 3/20106	 1 Checked By: S.R. Pierce	 Date: 380/06

CASE 4.2.2: ICVfm BOX BOTTOM 1500°C MELT/60PC INTERFACE CONDITIONS

12D BulkVit Bottom Wall Heat Trasnfer Simulation
! Leaking Glass (Pure Glass) Scenario
I Sand-centered case
I No Gap between box skin & tube steel

Aitle, Box Bottom Heat Transfer - Case 4.2.2

/prep?

antype, 0
toffst, 273
tunif,100

! Define element type
et,1, plane55
keyopt, 1,1,1

!Specify Material Properties

16" Castable Refractory 60 PC
MAT,1
MP,KXX,1,1.44,

18" Castable Refractory 110 C
Mat,2
MPTEMP
MPTEMP, 1,25.540,815,1200.1500
MPDATA,Kxx,2,1,1,0.86,0.78,0.668,0.534

!SteelLining/TS 6x6
Mat,3
MPTEMP
MPTEMP,1,27,127,327, 527,727,
MPDATA,Kxx,3,1,60.5,56.7,48,39.2,30,

Air Conductivity
Mat,4
MPTEMP
M P T E M P,1, 27,127, 3 27, 527,72 7,
M PDATA,Kxx,4,1,0.0261,0.0331,0.0456,0.0569,0.0672,

!Sand
Ma1,5
MPTEMP
MPTEMP,1,25,200,300,600,1000
MPDATA,Kxx,5,1,0.17,0.25,0.285,0.38,0.55

! Combined Free & Radiation Heat Transfer Coefficient - horizontal Surface
! Models emissivity, of box @ 0.8 & concrete shield walls @ 0.6

C1

LJ

•
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Project No. 0509206.01 Calculation No. 0509206.01-M-001	 Rev. No. 1 Page No. 79 of 97

Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery	 Date: 320/06	 Checked By: S.R. Pierce	 Date: 3/20/06

1 Assumes Tint =100-C
MAT,6
MPTEMP
MPTEMP,1, 25, 35, 45, 55, 65, 75
MPDATA,hf,6,1, 1.6, 1.9, 2.3, 2.7, 3.1, 3.5
MPTEMP,7,85, 95, 100, 125, 150, 175
MPDATA,hf,6,7, 4.1, 4.8, 6.1, 8.8, 10.0, 11.2
MPTEMP,13. 200, 225, 250, 275, 300, 325
MPDATA,hf,6,13, 12.3, 13.4, 14.6, 115.8, 17.1, 18.5
MPTEMP,19. 350, 375, 400, 425, 450,475
MPDATA.M.6,19,19.9, 21 A, 23.0, 24.6, 26.3, 28.2
MPTEMP,25, 500, 525, 550, 575, 600
MPDATA,hf,6,25, 30.1, 32.1, 34.2, 36.4, 38.7

Werticat Convection (Not used in this model)
MAT,7
MPTEMP
MPTEMP,1,100,105,110.115,120,125
MPDATA,hf,7,1,0.0,8.5,9.2,9.8,10.2,10.6
MPTEMP,7,150,175,200,225,250,300
MPDATA,hf,7,7,12.3,13.8,15.2,16.5,17.9,20.8

Air Conductivity
Mat,8
MPTEMP
MPTEMP,1,27,127,327,527,727,
M P DATA, Kxx, 8.1,0.0261, 0.0331, 0.0456, 0.0569, 0.0672,

!Glass (Hybrid LAW/PNL-4800 Data)
Mat,9
MPTEMP
MPTEMP,1,25,200,300,400,500,600
MPDATA,Kxx,9,1.1,1.12,1.14,1.2,1.29,1.41
MPTEM P,7,700, 800,900,1000,1400,2000
M P DATA, Kxx, 9, 7,1.57,1.76.1.98, 2.24,10, 32

! keypoinls - Sand-centered case

k,1,	 0.0
k, 2, 0.15240, 0
k, 3, 0.35560, 0
k, 4, 0.36195, 0
k, 5, 0.15240, 0.0635
k, 6, 0.30850, 0.0635
k, 7, 0.35560, 0.0635
k,12,	 0, 0.165100
k,13, 0.15240, 0.165100
k,14,	 0, 0.190500
k,15, 0.15240, 0.190500
k,20, 0.15240, 0.2921
k,21, 0.30850, 0.2921
k,22.0.35560, 0.2921
k,23,	 0.0.3556•

•
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A CALCULATION SHEET

Project No. 0509206.01	 Calculation No. 0509206.01-M-001 Rev. No. 1	 Page No. 80 of 97
Title: DBVS ICVTM Box Thermal Analysis

Prepared By: P.S. Lowe ry 	Date: 3/20/06	 Checked By: S.R. Pierce	 Date: 3120/06
k,24, 0.15240, 0.3556
k,25, 0.35560, 0.3556
k.26,0.36195. 0.3556

1 tines - sand-centered case

1,1,2
1,2,5
1,5,13
1,13,12
1,12,1

1,13,15
1,15,14
1,14,12

1,15,20
1,20,24
1,24,23
1,23,14

1,2,3
1,3,7
1,7,6
1,6,5

1,6,21
1,21,20

1,7,22
1,22,21

1,22,25
1,25,24

1,3,4
1,4,26
1,26,25

1 areas - sand-centered case

a,1,2,5,13,12	 Al
a,12,13,15,14	 A2
a,14,15,20,24,23	 A3
a,2,3,7,6,5	 IA4
a,5,6,21,20,15,13	 !A5
a,6,7,22,21	 A6
x,20,21,22,25,24	 A7
a,3,4,26,25,22,7	 A6

I Define mesh
type, 1
esize, 0.00635

is

C

•

RPP-24544 REV I 
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A K, E; S CALCULATION SHEET

Project No. 0509206 .01	 Calculation No. 0509206 .01-M-001	Rev. No. 1	 Page No. 81 of 97

Title: DBVS ICVTM Box Thermal Analysis

Prepared By: P.S. Lowery 	Date: 3/20/06	 Checked By: S.R. Pierce	 Date: 3 120/06
amesh, all

!Assign Mate rials to Areas

asel„area„1
esla
emod,all,mat,1

asel„area„ 2
esla
emod,all,mat,9
ails

asel„area„ 3
esla
emod,all,mat,1
ails

asel„area„4
esla
emod,all,mat,2
ails

asel„area„5

esla
emod,all,mat,9
ails

asel„area„6
esla
emod,all,mat,5
ails

asel„area„7

esla
emod,all,mat,2
ails

asel„area„8

esla
emod,all,mat,3
ails

I Impose BCs - sand-centered case

LSEL,S,LINE„ 24
NSLL„ 1
SFALL.CONV,-6,100 	 I apply horiz convection and ambient 1000

NSEL,S,LOC,X,O	 I select nodes on left side
D,ALL,TEMP,1500	 I apply fixed temp of 15000
NSEL,ALL

41

•

RPP-24544 REV I 
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f1.RFvCa,,,,;,,,, CALCULATION SIIEET

Project No. 0509206.01	 Calculation No. 0509206.01-M-001	 Rev. No. t	 Page No. 82 of 97

Title: DBVS ICVTN Box Thermal Analysis

Prepared By: P.S. Lowery	 Date: 3/10/06	 Checked By: S.R. Pierce	 Date: 3/20/06
I Finished set-up. Now go to solver

fini
/sclu
solve
finish

E

•

•

RPP-24544 REV Ic
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veO,,,,;,;,, CALCULATION SHEET

Project No. 0509206.01	 Calculation No. 0509206.01-M-001 Rev. No. 1 Page No. 83 of 97
Title: DBVS ICVTm Box Thermal Analysis

Prepared By: P.S. Lowery	 I Date: 320/06	 1 Checked By: S.R. Pierce	 Date: 3/20/06

CASE 4.2.3: ICV r1" BOX BOTTOM 1700°C MELT/60PC INTERFACE CONDITIONS

12D BulkVit Bottom Wall Heat Trannfer Simulation
I Leaking Glass (Pure Glass) Scenario
I Sand-centered case
1 No Gap between box skin & tube steel

/title, Box Bottom Heat Transfer - Case 4.2.3

/prep7

antype, 0
toffst, 273
tunif,100

I Define element type
et,t, plane55
keyopt, 1,1,1

ISpeciy Material Properties

!6" Castable Refractory 60 PC
MAT,1
MP,KXX,1,1.44,

W Castable Refractory 110 C
Mat,2
MPTEMP
NIPTEMP,1, 25, 540, 815,1200,1500
MPDATA,Kxx,2,1,1,0.86,0.78,0.668,0.534

ISteelLining/TS 6x6
Mat,3
MPTEMP
MPTEh1P,1,27,127,327, 527,727,
MPDATA,Kxx,3,1,60.5,56.7,48,39.2,30,

Air Conductivity
Mat,4
MPTEMP
MPTEMP,1,27,127,327,527,727,
MPDATA,Kxx,4,1, 0.0261,0.0331,0.0456,0.0569, 0.0672,

!Sand
Mat,5
MPTEMP
MPTEM P,1,25, 200,300,600,1000
MPDATA,Kxx,5,1,0.17,0.25,0.285,0.38,0.55

I Combined Free & Radiation Heat Transfer Coefficient - horizontal Surface
! Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
I Assumes Tinf = 100°C•

I]

RPP-24544 REV I 
145579-D-CA-001 Revision 2 Attachment 1

Calculation Sheet: QAP 3. 1. Rev. 6(11-13-05)
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AR ES CALCULATION SIIEETC04IO.A110.

Project No. 0509206.01 	 Calculation No. 0509206.01-M-001 Rev. No. I Page No. 84 of 97

Title: DBVS ICVTm Box Thermal Analysis
Prepared By: P.S. Lowery 	 Date: 3/20/06	 Checked By: S.R. Pierce	 Datc: 3/20/06
MAT,6
MPTEMP
MPTEMP,1, 25, 35, 45, 55, 65, 75
MPDATA,hf,6,1, 1.6, 1.9, 2.3, 2.7, 3.1, 3.5
MPTEMP,7,85, 95,100, 125,150,175
MPDATA,hf,6,7, 4.1, 4.8, 6.1, 8.8, 10.0, 11.2
MPTEMP,13, 200, 225, 250, 275, 300, 325
MPDATA,hf,6,13, 12.3, 13.4, 14.6, 115.8, 17.1,18.5
MPTEMP,19, 350, 375, 400, 425, 450, 475
MPDATA,hf,6,19, 19.9, 21.4, 23.0, 24.6, 26.3, 28.2
MPTEMP,25, 500, 525, 550, 575, 600
MPDATA,hf,6,25, 30.1, 32.1, 34.2, 36.4, 38.7

Nertical Convection (Not used in this model)
MAT,7
MPTEMP
M PTEM P, 1, 100, 105, 110, 115,120,125
M P DATA, h f, 7,1, 0.0 , 8.5, 9.2 , 9.8 ,10.2,10.6
MPTEMP,7,150,175,200,225,250,300
M PDATA, hf, 7, 7,12.3,13.8,15.2,16.5,17.9, 20.8

Air Conductivity
Mat,8
MPTEMP
MPTEMP,1,27,127,327,527,727,
MPDATA,Kxx,8,1,0.0261,0.0331,0.0456,0.0569,0.0672,

!Glass (Hybrid LAW/PNL4800 Data)
Mat,9
MPTEMP
MPTEMP,1,25,200,300,400, 500,600
M P DATA, Kxx, 9,1,1,1.12,1.14 ,1.2,1.29,1.41
MPTEMP,7.700,800,900,1000,1400,2000
MPDATA,Kxx,9,7,1.57,1.76,1.98,2.24,10,32

! keypoints - Sand-centered case

k, 1,	 0.0
k, 2, 0.15240, 0
k, 3, 0.35560, 0
k, 4, 0.36195, 0
k, 5, 0.15240, 0.0635
k, 6, 0.32685, 0.0635
k, 7, 0.35560, 0.0635
k,12,	 0, 0.165100
k.13.0.15240. 0.165100
k,14,	 0, 0.190500
k,15. 0.15240. 0.190500
k,20, 0.15240, 0.2921
k,21, 0.32685, 0.2921
k,22, 0.35560, 0.2921
k,23,	 0, 0.3556
k,24, 0.15240, 0.3556

E

i

RPP-24544 REV lc
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A K E-SS CALCULATION SHEETaa..a.,

Project No. 0509206.01	 Calculation  No. 0509206.01-M-001 Rev. No. 1 Page No. 95 of 97
Title: DBVS 1CVTM Box Thermal Analysis

Prepared By: P.S. Lowery	 Date: 3/20/06	 Checked By: S.R. Pierce	 Date: 3/20/06

k,25, 0.35560, 0.3556
k,26, 0.36195, 0.3556

1 lines - sand-centered case

1,1,2
1,2,5
1,5.13
1,13,12
1,12,1

1,13,15
1,15,14
1,14,12

1,15,20
1,20,24
1,24,23
1,23,14

1,2,3
1,3,7
1,7,6
1,6,5

1,6,21
1,21,20

1,7.22
1.22,21

1.22,25
1,25,24

1,3,4
1,4,26
1,26,25

1 areas - sand-centered case

a,1,2,5.13.12	 Al
a,12,13,15,14	 A2
a,14,15,20,24,23	 A3
a,2,3,7,6,5	 A4
a,5,6,21,20,15,13	 !A5
a,6,7,22.21	 !A6
a•20,21,22,25.24	 !A7
a•3,4,26.25.22,7	 A6

I Define mesh
type, 1
esize, 0.00635
amesh, all

U

RPP-24544 REV lc
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A.R €:S CALCULATION SHEETCan...AI,a.

Project No. 0509206.01	 Calculation No. 0509206.01-M-001 Rev. No. 1	 Page No. 86 of 97

Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery 	 Date: 3120/06	 Checked By: S.R. Pierce	 Date: 3/20/06

[Assign Materials to Areas

asel„area„ 1
esla
emod,all,mat,1

asel„area„ 2
esla
emod,all,mat,9
alls

asel„area„ 3
esla
emod,all,mat,1
ails

asel„area„4
esla
emod,all,mat,2
alls

asel„area„5
esla
emod,all,mat,9
alts

asel„area„ 6
esla
emod,all,mat,5
ails

asel„area„7
esla
emod,all,mat,2
ails

asel„area„8
esla
emod,all,mat,3
ails

I Impose BCs - sand-centered case

LSEL,S,LINE„ 24
NSLL„1
SF,ALL,COW,-6,100	 I apply horiz convection and ambient 1000

NSEL,S,LOC,X,O	 I select nodes on left side
D,ALL,TEMP,1700	 I apply fixed temp of 17000
NSELALL

I Finished set-up. Now go to solver

Is

E

RPP-24544 REV Ic
145579-D-CA-001 Revision 2 Attachment 1
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AoRAE S CALCULATION SHEET

I

Project No. 0509206.01 	 Calculation No. 0509206.01-M-001 Rev. No. I	 Page No. 97 of 97

Title: DBVS ICVTM Box Thettnal Analysis
Prepared By: P.S. Lowery	 Date: 3120/06	 1 Checked By: S.R. Pierce 	 Date: 3120/06

fini
/solu
solve
finish

I

is

u

RPP-24544 REV Ic

145579-D-CA-001 Revision 2 Attachment 1

CalculauNi Shcel: QAP 3.I. Rcv. 6 ( 11 . 19 3)
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A ;?^ t.. CALCULATION SIIEETI
Project No. 0509206.01	 Calculation No. 0509206.01-M-001 Rev. No. 1	 Page No. 88 of 97

Title: DBVS ICVTm Box Thermal Analysis
Prepared By: P.S. Lowe ry 	 I Date: 3/20106	 1 Checked By: S.R. Pierce	 Date: 3/20/06

CASE 4.2.4: ICVrM BOX BOTTOM 1700°C MELT/60PC INTERFACE CONDITIONS; REDUCED
SURFACE IIEAT TRANSFER COEFFICIENTS

12D BulkVil Bo
tt

om Wall Heat Trasnfer Simulation
I Leaking Glass (Pure Glass) Scena

ri
o

I Sand-centered case
I No Gap between box skin & tube steel
I %x Bottom heat transfer coefficient

/title, Box Bottom Heat Transfer - Case 4.2.4

/prep?

antype, 0
toffst, 273
tunif,100

1 Define element type
et,1, plane55
keyopt, 1,1,1

!Specify Material Properties

V' Castable Refractory 60 PC
MAT,1
MP,KXX,1,1.44,

!8" Castable Refracto ry 110 C
Mat,2
MPTEMP
M PTE M P,1, 2 5, 540, 815,1200,1500
MPDATA,Kxx.2,1,1,0.86,0.78,0.668.0.534

[Steel Lining/TS 6x6
Mat,3
MPTEMP
MPTEMP,1,27,127,327,527,727,
MPDATA,Kxx,3,1,60.5,56.7,48,39.2,30,

[Air Conductivity
Mat,4
MPTEMP
M P T E M P,1, 27,127, 327, 527, 727,
M P DAT A, K x x, 4 ,1, 0.0261, 0.0331, 0.04 56, 0.056 9, 0.0672,

!Sand
Mat,5
MPTEMP
MPTEMP,1,25,200,300,600,1000
M PDATA,Kxx,5,1,0.17,0.25,0.285,0.38,0.55

is

RPP-24544 REV lc
145579-D-CA-001 Revision 2 Attachment 1
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CALCULATION SHEET
t

wevo+^^ ow

Project No. 0509206 .01 Calculation No. 0509206 .01-M-001	 Rev. No. 1	 Page No. 89 of 97

Title: DBVS ICVTm Box Thermal Analysis
Prepared By: P.S. Lowery 	 I Date: 3/20106	 1 Chocked By: S.R. Pierce	 Date: 3!10106

1 % x Combined Free 8 Radiation Heat Transfer Coefficient - horizontal Surface
I Models emissivity of box @ 0.8 8 concrete shield walls @ 0.6
1 Assumes Tinf = 100°C
MAT,6
MPTEMP
MPTEMP,1, 25, 35, 45, 55, 65, 75
MPDATA,hf,6,1, 0.8, 1.0, 1.1, 1.3, 1.5, 1.8
MPTEMP,7,85, 95, 100, 125, 150, 175
MPDATA,hf,6,7, 2.0, 2.4, 3.1, 4.4, 5.0, 5.6
MPTEMP,13. 200, 225, 250, 275, 300, 325
MPDATA,hf,6,13, 6.1, 6.7, 7.3, 7.9, 8.6, 9.2
MPTEMP,19, 350, 375, 400, 425, 450, 475
MPDATA,hf,6,19, 10.0, 10.7, 11.5, 12.3, 13.2, 14.1
MPTEMP,25, 500, 525, 550, 575, 600
MPDATA,hf,6,25, 15.0, 16.0, 17.1, 18.2, 19.4

(Ve rtical Convection (Not used in this model)
MAT,7
MPTEMP
M P TE M P,1,100,105,110,115,120,12 5
MPDATA,hf,7,1,0.0,8.5,9.2,9.8,10.2,10.6
MPTEh1P,7,150,175,200,225,250, 300
MPDATA, hf,7,7,12.3,13.8,15.2,16.5,17.9,20.8

Wr Conductivity
Mat,8
MPTEMP
MPTEMP,1,27,127, 327,527,727,
MPDATA,Kxx,8,1,0.0261,0.0331,0.0456,0.0569,0.0672,

!Glass (Hybrid LAW/PNL4800 Data)
Mat,9
MPTEMP
MPTEMP,1,25,200,300,400,500,600
MPDATA,Kxx,9,1,1,1.12,1.14,1.2,1.29,1.41
MPTEM P,7,700,800, 900,1000,1400,2000
MPDATA,Kxx,9,7,1.57,1.76,1.98,2.24,10,32

I keypoints - Sand-centered case

k, 1,	 0.0

k, 2, 0.15240, 0
k, 3, 0.35560, 0
k, 4, 0.36195, 0
k, 5, 0.15240, 0.0635
k, 6, 0.33750, 0.0635
k, 7, 0.35560, 0.0635
k,12,	 0, 0.165100
k,13, 0.15240, 0.165100

k,14,	 0, 0.190500
k,15, 0.15240.0.190500
k,20, 0.15240, 0.29210

RPP-24544 REV I 
145579-D-CA-001 Revision 2 A ttachment 1

Calwimiw Shat: QAP 3.1. Rcv.6(11.15-03)
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A,ES CALCULATION SHEET
1

Project No. 0509206.01	 Calculation No. 0509206.01-M-001	 Rev. No. l	 Page No. 90 of 97
Tide: DBVS ICVTM Box Thermal Analysis

Prepared By: P.S. Lowery	 Date: 320/06	 Checked By: S.R. Pierce 	 Date: 320/06
k,21, 0.33750, 0.2921
k,22, 0.35560, 0.2921
k,23,	 0, 0.3556
k,24, 0.15240.0.3556
k,25, 0.35560, 0.3556
k,26, 0.36195, 0.3556

1 lines - sand-centered case

1,1,2
1,2,5
1,5,13
1,13,12
1,12,1

1,13,15
1,15,14
1,14,12

1,15,20
1,20,24
1,24,23
1,23,14

1,2,3
1,3,7
1,7,6
1,6,5

1,6,21
1,21.20

1,7,22
1,22,21

1,22,25
1,25,24

1,3,4
1,4,26
1,26,25

1 areas - sand-centered case

a,1,2,5,13,12	 Al
x,12,13,15,14	 A2
a,14,15,20,24,23	 A3
a,2,3,7,6,5	 A4
a,5,6,21,20,15,13	 A5
a,6,7,22,21	 A6
a,20,21,22,25,24	 A7
a,3,4,26,25,22,7	 !A8

is

0

RPP-24544 REV I 
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CALCULATION SHEET
I

Project No. 0509206.01 Calculation No. 0509206.01-M-001 Rev. No. 1 Page No. 91 of 97

Title: DBVS ICVTM Box Thermal Analysis

Prepared By: P.S. Lowery	 Date: 320/06	 Checked By: S.R. Pie rce	 Date: 320/06

1 Define mesh
type, 1
esize, 0.00635
amesh, all

!Assign Materials to Areas

asel„area„ 1
esla
emod,alt,mat,1

asel„area„ 2
esla
emod,all,mat,9
ails

asel„area„ 3
esla
emod,all,mat,1
ails

asel„area„4
esla
emod,all,mat,2
ails

asel„area„5
esla
emod,all,mat,9
ails

asel„area„6
esla
emod,all,mat,5
ails

asel„area „7
esla
emod,all,mat,2
ails

asel„area„8
esla
emod,all,mat,3
ails

I Impose BCs - sand-centered case

LSEL,S,LINE„ 24
NSLL„ 1
SF, ALL , COW '-6,100	 1 apply horiz convection and ambient 1000

NSEL S,LOC,X,o	 I select nodes on left side

is

•

I-1
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• sAd„Se,,,,,, a,	 CALCULATION SHEET

Project No. 0509206.01	 Calculation No. 0509206.01•M-001 	 Rev. No. I	 Page No. 92 of 97

Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery	 I Date: 3/20106	 1 Checked By: S.R. Pierce	 pate: 3/20/06
D,ALL,TEMP,1700	 l apply fixed temp of 17000
NSELALL

I Finished set-up. Now go to solver

fini
/solu
solve
finish

9

RPP-24544 REV Ic
145579-D-CA-001 Revision 2 Attachment 1

Calculation Shect: QAP 3.1, Rcr. 6 (11.15-05)
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QI CALCULATION SHEET

Project No. 0509206.01 Calculation No. 0509206.01-M-001 Rev. No. 1 Page No. 93 of 97

'Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery 	 IDate: 3/20/06	 1Checked By: S.R. Piave	 Date: 3/20/06

CASE 4.2.5: ICVrm BOX BOTTOM 1700°C MELT/60PC INTERFACE CONDITIONS; INCREASED
SURFACE HEAT TRANSFER COEFFICIENTS

1 2D BulkVit Bottom Wall Heat Trasnfer Simulation
1 Leaking Glass (Pure Glass) Scenario
I Sand-centered case
I No Gap between box skin & tube steel
12x Bottom heat transfer coefficient

/title, Box Bottom Heat Transfer - Case 4.2.5

/prep?

antype, 0
toffst, 273
tunif,100

! Define element type
et,t, plane55
keyopt, 1,1,1

!Specify Material Properties

16" Castable Refractory 60 PC
MAT,1
MP,KXX,1,1.44,

18" Castable Refractory 110 C
Mat.2
MPTEMP
MPTEMP,1,25,540,815,1200,1500
MPDATA,Kxx,2,1,1,0.86,0.78,0.668,0.534

(Steel LiningrrS 6x6
Mat,3
MPTEMP
MPTEMP,1,27,127,327,527,727,
MPDATA, Kxx,3,1,60.5, 56.7,48,39.2,30,

!Air Conductivity
Mat,4
MPTEMP
MPTEM P,1,27,127,327,527,727,
MPDATA, Kxx,4,1,0.0261,0.0331, 0.0456, 0.0569,0.0672,

!Sand
Mat,5
MPTEMP
MPTEMP,1,25,200,300,600,1000
M P DATA, Kx x, 5,1,0.17, 0.25, 0.28 5, 0.38, 0.55

a

•

0

RPP-24544 REV I 
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^'^„, CALCULATION SIIEET

Project No. 0509206.01 Calculation No. 0509206.01-M-001	 Rev. No. 1	 Page No. 94 of 97

Title: DBVS ICVTM Box Thctmal Analysis

Prepared By: P.S. Lowery 	 I Date: 320/06	 1 Checked By: S.R. Pierce	 Date: 3120/06

12 x Combined Free & Radiation Heat Transfer Coefficient - horizontal Surface
I Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
1 Assumes Tinf = 100°C
MAT,6
MPTEMP
MPTEMP,1, 25, 35, 45, 55, 65, 75
MPDATA,hf,6,1, 3.2, 3.9, 4.6, 5.3, 6.2, 7.1
MPTEMP,7,85, 95, 100, 125, 150, 175
MPDATA,hf,6,7, 8.2, 9.7, 12.3, 17.6, 20.1, 22.4
MPTEMP,13, 200, 225, 250, 275, 300, 325
MPDATA,hf,6,13, 24.6, 26.9, 29.2, 31.7, 34.3, 37.0
MPTEMP,19, 350, 375, 400, 425, 450,475
MPDATA,hf,6,19, 39.8, 42.8, 45.9, 49.2, 52.7, 56.3
MPTEMP,25, 500, 525, 550, 575,600
MPDATA,hf,6,25, 60.2, 64.2, 68.4, 72.8, 77.5

!Ve rt ical Convection (Not used in this model)
MAT,7
MPTEMP
MPTEMP,1,100,105,110,115,120,125
MPDATA,hf,7,1,0.0,8.5,9.2,9.8,10.2,10.6
MPTEMP,7,150,175,200,225,250,300
MPDATA,hf,7,7,12.3,13.8,15.2,16.5,17.9,20.8

lAir Conductivity
Mat,8
MPTEMP
MPTEMP,1,27,127,327,527,727,
MPDATA,Kxx,8,1,0.0261,0.0331,0.0456,0.0569,0.0672,

!Glass (Hyb
ri

d LAW/PNL4800 Data)
Mat.9
MPTEMP
M PTEM P,1, 25, 200, 300, 400, 500, 600
M P DATA, Kxx, 9,1,1,1.12,1.14,1.2,1.29,1.41
MPTEMP,7,700,800,900,1000,1400,2000
M P DATA, K)m 9, 7,1.57,1.76,1.9 8, 2.2 4,10, 32

I keypoints - Sand-centered case

k, 1,	 0.0

k, 2, 0.15240, 0
k, 3.0.35560. 0
k, 4, 0.36195, 0
k, 5, 0.15240, 0.0635
k, 6, 0.32650, 0.0635
k, 7, 0.35560, 0.0635
k,12,	 0, 0.165100
k,13, 0.15240, 0.165100
k,14,	 0, 0.190500
k,15, 0.15240. 0.190500
k,20, 0.15240, 0.2921

10

0
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k,21, 0.32650, 0.2921
k.22.0.35560, 0.2921
k,23,	 0, 0.3556
k,24, 0.15240, 0.3556
k,25, 0.35560, 0.3556
k,26,0.36195. 0.3556

1 lines - sand-centered case

1,1,2
1,2,5
1,5,13
1,13,12
1,12,1

1,13,15
1,15,14
1,14,12

1,15,20
1,20,24
1,24,23
1,23,14

1,2,3
1,3,7
1,7,6
1,6,5

1,6,21
1,21,20

1,7,22
1,22,21

1,22,25
1,25,24

1,3,4
1,4,26
1,26,25

1 areas - sand-centered case

a,1,2,5,13,12	 IAt

a,12,13,15,14	 A2
a,14,15,20,24,23	 IA3
a,2,3,7,6,5	 A4

a,5,6,21,20,15,13	 !AS
a,6,7,22,21	 !A6
a,20,21,22,25,24	 A7
a,3,4,26,25,22,7	 A6

^J

0

0

RPP-24544 REV Ic
145579-D-CA-001 Revision 2 A ttachment 1
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Project No. 0509206.01 Calculation No. 0509206.01-M-001 Rev. No. 1 Page No. 96 of 97

Title: DBVS ICVTm Box Thermal Analysis
Prepared By: P.S. Lowery	 Date: 3120/06	 Checked By: S.R. Pierce	 Date: 320/06

1 Define mesh
type. 1
esize, 0.00635
amesh, all

Assign Materials to Areas

asel„area„ 1
esla
emod,all,mat,1

asel„area„ 2
esla
emod,all,mat,9
ails

asel„area„ 3
esla
emod,all,mat,1
ails

asel„area„4
esla
emod,all,mat,2
ails

asel„area„5
esla
emod,all,mat,9
ails

asel„area„6
esla
emod,all,mat,5
ails

asel„area„7
esla
emod,all,mat,2
ails

asel„area„8
esla
emod,all,mat,3
ails

1 Impose BCs - sand-centered case

LSEL,S,LINE„ 24
NSLL„ 1
SFALL,COW..6,100	 I apply horiz convection and ambient 1000

NSEL,S,LOC,X,O	 I select nodes on left side•

RPP-24544 REV I 
145579-D-CA-001 Revision 2 Attachment 1

Culculalion Shen QAP3.1.Rec.6(II.15.05)
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(9D CALCULATION SHEET

Project No. 0509206.01	 Calculation No. 0509206.01-M-001 Rev. No. 1	 Page No. 97 of 97

Title: DBVS ICVTM Box Thermal Analysis

Prepared By: P.S. Lowery	 I Date: 3/20/06	 1 Checked By: S.R. Pierce	 Date: 3/20/06

D,ALL,TEMP,1700 	 I apply fixed temp of 17000
NSELALL

I Finished set-up. Now go to solver

fin!
/solu
solve
finish

10

•

0
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CALCULATION SHEET	 amec

CAM NO.:	 145579-D-CA-001	 REV:	 DATE: March 22, 2006

CALC. TITLE: Area 35 —Transient Heat Transfer Calculations of ICVTm Box

PROJECTNO.: 145579	 PROJECTTITLE: Final DBVS Design

Attachment 2
Bulk Vitrification Design Drawings

(8 pages including Attachment Cover)

L^

Drawing Number Title Revision Pages
F-145579.35-D-0004 Bulk Vitrification ICV Box Data Sheet 4 1
F-145579-35-D-0008 Bulk Vitrification ICV Box Plan & Sections 1 1
F-145579.35-D-0016 Bulk Vitrification ICV Box Refracto ry Assembly K 1
F-145579.35-D-0017 Bulk Vitrification ICV Box Refractory Details K 1
F-145579.00-D-0041 Bulk Vitrification Melt Area G.A. Elevations North and West F 1
F-145579.00-8-0020 I WK Vitrification Shielding Walls General Arrangement K 1
F-145579-00-B-0025 Bulk Vitrification Melt Area Steel Curbs F 1

Total Number of Drawing Pages 7
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8	 1	 7	 1	 6
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5	 1	 4	 3
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CALCULATION PROCEDURE CHECKLIST

Calculation Number: /46V79 -D -, CA- 061 12t;/---k

•

8 ':	 ACTION ACCORDING TO PROCEDURE EP 3.3 °'. INITIAL/DATE

1 The calculation number has been obtained from Document Control and the
calculation number is logged in the hard copy Calculation Log.

2 The calculation has been prepared using the forms associated with this procedure
(i.e., calculation cover sheet, summary sheet, and calculation sheet).

3 The calculation has been forma tted per this procedure (header, page number, etc). 1s1a z! /o4

4 The approp ri
ate revision number has been assigned. W:131, 6

5 The discipline lead of affected documents has been notified of any changes.`.

6 All calculation sheets have been signedrnitialed and dated. m /3j{y06
7 A ttachments to the calculation are forma tted as required and are included in the
calculation package. /3/ao^L15

8 The calculation package is complete and submi
tt

ed to the assigned checker.

9 The checker has accepted comment resolution and signed the cover sheet. 3^^. /3h ^p6

10 The Calculation package has been submitted to Document Control (Prelimina ry) or
Discipline Lead (Final).

Final Only

11 Design Ve
ri
fications, where applicable, are complete in accordance with EP3.9.

12 The calculations are stamped by a Registered PE (when required).

13 The Discipline Lead has app roved the calculation and signed the cover sheet. Ofl'^ /01^3/

14 The Discipline Lead has forwarded the calculation package to the Document
Contro l. Og.^. /3/^Cy

Calculation Revisions

15 The calculation cover page is updated, noting the reason for revision. p	 /^/^

16 Calculation sheets are updated in accordance with this procedure. plgti* /^/z j

17 The appropriate revision number has been assigned. a.-t-3	 /

18 The checking and app ro
val (when required) have been completed and cover sheet

is signed.

EP 3.3-3F October 03
'Each action Is to be veri fied by the O riginator.
' Th is cbecklist applies to pmliminaty and final wkuladms
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•	 Subcontractor Calculation Review Checklist.

Page 1 of 1

Subject: Area 35 —Transient Heat Transfer Calculations of ICV rar Box

The subject document has been reviewed by the undersigned.
The checker reviewed and verified the following items as applicable.

Documents Reviewed:
	

1
	 412f 

Analysis Performed By: AMEC/DMd11I/ARES

• 'Design Input
• Basic Assumptions
• Approach/Design Methodology
• Consistency with item or document supported by the calculation
• Conclusion/Results Interpretation
• Impact on existing requirements

•

Checker (printed name, signature, and date): M. W. Leonard
	

313111 1)

Organizational Manager (printed name, signature and date): D. II.

r

•
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